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LETTER OF TRANSMITTAL 



U. S. Department of Agriculture, 

Office of Experiment Stations, 
Washington, D. C, December 17, 1906. 
Sir: I have the honor to transmit herewith the report containing 
the results of mechanical tests of pumping plants in use in southern 
California in raising water for irrigation, prepared under the direc- 
tion of Elwood Mead, chief of Irrigation and Drainage Investiga- 
tions, by Prof. J. N. Le Conte and C. E. Tait. This is a continuation 
of the results published by this Office last year (Office of Experi- 
menl Stations Bui. 158). While the tests were planned and carried 
out by Professor Le Conte and Mr. Tait, all of the tables have been 
checked and much of the analysis and discussion written by S. M. 
Woodward of this Office. Its publication as a bulletin of this 
Office is recommended. 

Respectfully, A. C. True, 

Director. 
Hon. James Wilson, 

Secretary of Agriculture, 
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MECHANICAL TESTS OF PUMPS AND PUMPING 
PLANTS IN CALIFORNIA IN 1905. 



INTEODUCTION. 

During the summer of 1905, the Irrigation and Drainage Investi- 
gations of this Office continued the work begim during the previous 
year" of testing pumps and pumping plants with the object of deter- 
mining the actual cost of pumping water for irrigation under various 
conditions and by various methods, and also the directions in which 
improvements may be sought for the purpose of decreasing the cost 
of pumping. The field work was conducted in the regions imme- 
diately surroiuiding Pomona and Riverside, in southern California, 
and on the lower Sacramento River in central California, among the 
reclamation districts. 

The field work included two classes of tests. The first class con- 
sisted of complete tests, or those as nearly complete as the condi- 
tions of operation would permit. These required measurement of the 
power developed, either by means of the engine indicator or by 
indicating wattmeters, a continuous record of the lift, a measure- 
ment of the water by means of a weir, and a measurement of the fuel 
consumed. The second class consisted of partial tests, where no 
measurement of power was attempted, but merely a measurement 
of fuel (or electrical energy), water, and lift, for the purpose of deter- 
mining the cost of pumping water. Throughout the season's work 
particular efforts were made to obtain the cost of installation and 
operation, in order to estimate the fixed charges and labor items 
which constitute so large a portion of running expenses. 

The field work has been sufficient for the working out of a fairly 
convenient and satisfactory system of testing, and for the benefit 
of others who wish to make similar tests the methods used are given 
below. 

MEASUREMENT OF FUEL. 

Gasoline for small engines is usually contained in cylindrical tanks 
at some distance from the pump house and piped to the engine. In 
such cases the position of the surface of the oil is taken with a small 

aU. S. Dept. Agr., Office of Experiment Stations Bui. 158. 
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hook gauge, consisting of a sharpened piece of wire bent into the form 
of a hook and fastened to the end of a stick. The surface is noted 
at the beginning and end of the test by marks made on the stick with 
the blade of a penknife. The distance between these marks should 
be measured with a fine scale, and from this and the dimensions of 
the tank the volume of the gasoline is computed. It is of particular 
importance to make this measurement every hour in order that an 
accidental change in the runniog conditions, or an error, shall not 
destroy an otherwise good test. When the tank is irregular in 
cross section, or when though c^'lindrical the axis is horizontal, the 
surface is noted at the beginniog of the test as before, and at the end 
of the test the engine is shut down at once. Weighed quantities of 
gasoline are then poured into the tank until the level returns to the 
original mark, and the total weight consumed is known. A tested 
spring balance weighing up to 20 pounds is convenient for this work. 
Crude oil used for steam boilers can be measured in the same way 
unless the area of the containing tank is too great to make an appre- 
ciable fall in the surface during the test. In this case (and in fact 
in all cases where possible) the oil should be weighed out. The pipe 
leading from the tank to the boiler should be cut, and the burners 
made to draw their supply from a barrel on the floor of the station. 
This in turn is replenished from time to time from a second barrel 
on a platform scale. This second barrel is filled either directly by 
gravity from the oil tank or by a hand pump from the same source 
of supply. In this way weighed quantities of oil can be poured into 
the first barrel, but care should be taken that the level of the oil in this 
latter is the same at the beginning and end of the test. In all cases 
the density of the gasoline, or oil, should be taken on a hydrometer 
so that weight can be reduced to gallons. 

MEASUREMENT OF POWEB. 

Measurement of the indicated horsepower of a gas engine is the 
most difficult of all measurements to make in the field. It was 
found in our experience that all ready-made reducing motions, or 
reducing wheels, are unsatisfactory when used on the ordinary gas 
engine, and that the pendulum-reducing motion gives the best results. 
The following is a description of the device used: In nearly all gas 
engines there will be found a set screw at A (fig. 1) which serves to 
hold the wrist pin in the piston and prevent it from turning. In 
many engines there are two of these. This set screw is removed 
and another inserted which has a slotted head, as at A (fig. 2). Sev- 
eral of these should be kept on hand to correspond with the standard 
sizes of set screws — that is one-half inch, five-eighths inch, three- 
fourths inch, etc. This slotted set screw is set into the piston with 
the slot vertical. A number of flat links are then made with lengths 
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varying from 14 to 28 inches and about three-sixteenths by three- 
fourths inch in cross section. The longer ones may be made heavier, 
say one-fourth by 1 inch, but the ends must be brought down to 
three-sixteenths inch in thickness to fit the slots in the set screws. 
The link is chosen which corresponds to the stroke of the particular 
engine under test, and one end is fastened into the slotted set screw 
by a three-sixteenths inch split pin. A lever or pendulum is then 
constructed of light strong wood, as shown in figure 2. The lower 
end is protected with one-eighth inch iron plate, as shown, so as to 
receive the other end B of the link, and this latter is secured thereto 




Fig. 1.— Apparatus for testing gasoline engines. 

with a small bolt. At the upper end of the pendulum there is fas- 
tened by a couple of wood screws a sector, whose radius corresponds 
to the stroke of the engine under test, and both sides are protected 
with one-eighth inch iron plate. The whole is hung from an iron 
pin containing a shoulder, as shown at C (fig. 2). A couple of jam 
nuts prevent the pendulum from slipping off the pin, which is passed 
through a wooden block nailed to a timber which spans the pump 
house above the engine at right angles to the line of connection. 
This timber should be braced from the roof or sides of the building. 
The pendulum is so adjusted that it hangs vertical with the piston 
at mid stroke and with the link AB horizontah A groove i& aw.^. 
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on the perimeter of the circular sector, and a piece of metal with a 
V-shaped notch at D (fig. 2) engages a knot on the indicator card, 
so that the indicator can be hooked up or unhooked without diffi- 
culty. Care should be taken that the whole apparatus is well con- 
structed, so that no breakdown may occur when running at high 
speed. Where engines are "short connected" no great error is 
caused by' allowing the end B of the pendulum to override the 
crank at its extreme outward throw. Of course only such engines 




FlQ. 2.— Detail of apparatus for testing gasoline en^nea. 

can be indicated as have the necessary opening for the indicator 
plug or some opening into the explosion chamber to which the indi- 
cator can be attached by short piping. Nearly all steam engines 
are already piped for the indicator and with them the ordinary 
reducing wheel may be used. 

In taking cards on a gasoline engine it has been our custom to 
take a number on the same sheet, say six to ten. Successive cycles 
in such engines are seldom identical, so that a series of cycles is 
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necessary to get an average indicated horsepower. Where the 
cycles are very nearly alike, so that the lines run close together and 
blur into one another, the planimeter can be run by eye through the 
mean position of such lines. Where the cycles differ widely the 
planimeter can be run around each separately and the set averaged 
in this way. A single cycle taken with the indicator on a gasoline 
engine is of little use in computing horsepower. The indicated 
horsepower is computed by the ordinary formula: 

Indicated horsepower = 00 qqa * 

in which, P = mean effective pressure in pounds per square inch. 
L = length of stroke in feet. 
A = effective area of piston in square inches. 
N = number of effective strokes per minute, 
for measuring electric power the* indicating wattmeter is used. 
Electrical horsepower is computed by dividing the number of kilo- 
watts by 0.746. 

MEASXniEMENT OF LIFT. 

Few pumps are so arranged that it is convenient to attach pressure 
and vacuum gauges and thus obtain the actual head worked against 
by the pump. In deep-well pumps, air lifts, and centrifugals run- 
ning under water it is practically impossible to use gauges, and so few 
plants were found where gauges could be properly applied that the 
attempt to get the working head by this method was abandoned and 
the measured or leveled head was used instead. This is obtained by 
measuring with a tape the vertical distance from the surface of the 
water in the sump or in the well casing to the center of the final dis- 
charge. When the pump runs under water in an open pit or when 
the suction draws from a ditch or stream, this is most easily done by 
attaching a float to the end of the tape and lowering it until it touches 
the water. When the level of the water falls so as to be below the 
top of the casing of a bored well or in an air well, the measurement 
is more difficult. Where there is sufficient space between the well 
casing and the suction pipe, say an inch and a half, a small float may 
be lowered to the water level if the well is bored straight. A long 
rubber tube, open at both ends, is sometimes used for determining 
water levels in wells. By weighting one end the tube can be lowered 
into a very narrow space and the water level can be determined by 
blowing through the tube with a steady pressure. However, the 
crookedness of the well casing and the sleeves on the suction pipe 
may prevent the lowering of the tube. A dry steel tape may be low- 
ered into the well and withdrawn, the wet portion indicating the 
water level. The difficulty here is that the wet sides of the well cas- 
ing and suction pipe may give false indications, and it entirely fails 
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if water is draining from the pit into the well. With all the different 
methods tried, several instances were found where it was impossible 
to measure with certainty the depth to water. Since the actual head 
pumped against is valuable information for the irrigator himself, the 
writer proposes the following arrangement, which, if installed when 
the plant is erected, would furnish an easy and certain method of 
determining the lift: When the pump or suction pipe is first low- 
ered into the well, let a small pipe, of, say, three-eighths or one-half 
inch in diameter, be lowered with it. This can be secured to the 
sides of the suction pipe at intervals and should reach within a foot 
or so of its lower end. Its length must be carefully measured before 
lowering. The upper end should be connected to a receiver of about 
a cubic foot capacity and an accurate pressure gauge attached to this 
latter. Air can be forced into this receiver with a small bicycle pump, 
or if the engine be so arranged as to start by compressed air this can 
be used to charge the receiver. The pressure gauge will then rise till 
the air bubbles out of the end of the small pipe, but no higher. The 
supply of compressed air being discontinued, the reading of the gauge, 
multiplied by 2.3, will give the length of the small pipe submerged, 
which when subtracted from the total length of the small pipe will 
give the depth to water. It is evident that a paper dial, graduated 
so as to read the actual lift on the pump directly, could be substituted 
for the regular one on the gauge. 

MEASUREMENT OF WATER. 

The discharge was measured in nearly every instance by means of 
a weir. Many plants in southern California have weirs installed 
either at the pump house or somewhere on the pipe line. These usu- 
ally consist of a concrete box, which receives the water from the pump 
at one end and delivers the water over a weir set in a concrete parti- 
tion into a second compartment, from which the pipe line distributes 
the water to the orchard. When the pipe line is very long or of too 
small diameter or has little slope, the weir is drowned and rendered 
useless. The free contractions of most weirs made in this way are 
interfered with by the concrete of the partition coming too close to the 
crest and sides of the weir. The box is nearly always too short to 
permit the use of baffle plates to still the violent commotion produced 
by the pump discharge. For purposes of testing, an ordinary weir 
board set in an open ditch is vastly better than the majority of perma- 
nent weirs found in the ditches tested. 

All the results of these measurements have been computed by 
means of the Francis weir formula,^ that being the basis of most of 
the weir tables in use by the irrigators and also the one employed 

o Q=3.33 (b— .2h}h 3/2, 
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by this Office in compiling its weir tables.® The writer is certain, 
however, from his own experiments, as well as from the work of 
others, that this formula gives results too small for low heads and 
narrow crests. Francis himself did not intend it to be used for heads 
under 6 inches and for breadths under 3 feet, yet it has been extended 
to cover all cases of heads and breadths without regard to the truth. 
A closer approximation to the discharge would probably be reached 
by using the weir coefficients of Hamilton Smith, jr.^ The same 
criticism applies to the CipoUetti weir formula as generally used. 

The head on the weir has been measured by an ordinary rule held 
on the head of a nail, which was previously leveled with the crest of 
the weir by means of a straightedge and machinist's level. The read- 
ings could not be made closer than the nearest one-sixteenth inch. 
It was on account of this rather rough method of measurement that 
no closer approximation than the Francis formula was made. 

The useful water horsepower of a pump is computed by the follow- 
ing formula: Useful water horsepower = ~Tcq~ in which 

Q=: volume of water pumped in cubic feet per second. 

w = weight of 1 cubic foot of water = 62.3 pounds. 

h = lift or head through which the water is actually raised, in feet. 

MEASUREMENT OF FEED WATER. 

Feed water was measured wherever possible, by taking the fall in 
the level of the feed tank, and in one instance with a Worthington 
piston meter, already installed in the feed line. For a careful test 
the water should be weighed out on a platform scale exactly as 
described for oil measurements. As the amount of feed water han- 
dled, however, is more than ten times that of the oil. the apparatus 
required must be many times larger and more elaborate. Such a 
method is scarcely applicable to tests of the character of those herein 
described, especially as the feed water is the least important factor 
from our point of view. 

COMPLETE FIELD TESTS. 

A description of each of the thirty-eight complete tests is given 
below. This description includes the name of the owner of the plant 
and its location, a description of the equipment of the plant, a com- 
plete log of test, and such explanations of the details of the test as 
are necessary for its complete understanding. Following these 
details the results of the tests are summarized in several tables and 
a discussion is given of the results. The summary tables contain 

oU. S. Dept. Agr., Office of Experiment Stations Bui. 86. 
& Hydraulics by Hamilton Smith, jr. John Wiley, N. Y. 
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considerable original data on costs not given with the descriptions of 
the separate tests. 

Tests numbered 1 to 11 are of plants run by gasoline engines; 12 to 
24 are of plants run by electric motors, and 25 to 38 are of plants 
run by steam. 

PLANTS DRIVEN BT GASOLINE ENGINES. 

In obtaining indicator cards on all the gasoline engines a tested 
205-pound spring was used in the indicator. 

Test No. 1. — Plant Owned by D. W. Helm, near Pomona. 

Equipment, — An 11 -horsepower, White & Middle ton gasoline 
engine; cylinder 6 by 12 inches; speed, 240 revolutions per minute; 
pulley, 36 by 10 inches; a No. 4 single vertical Byron Jackson cen- 
trifugal pump; one 4-inch suction pipe from a 7-inch well 286 feet 
deep; discharge pipe 4-inch O. D. screwed casing; depth of pit 
about 48 feet; two pulleys 10 by 10 inches (tight and loose for starting) ; 
a 7i-inch canvas belt, with tightening pulley, direct quarter- turn 
on 18-foot centers; a 15-inch rectangular weir, put in by testing 
party, but with weir box much too small. 

No suction lift (pump just level with water) ; discharge lift, 44.4 
feet. 

This plant belongs to the poorer class. The engine is old and 
badly abused. The pump, which is under water when not in use, 
draws air either into the suction pipe or through a faulty joint as 
soon as the pit is cleared of water. The owner, therefore, has been 
accustomed to run the engine below full speed, so as to keep the 
level of the water in the pit even with the pump. The writer is of 
the opinion that the trouble here is the same as in the case of test 
No. 5 (p. 20), where air bubbles in suspension in the water are drawn 
by the rush of water between the well casing and the suction pipe, 
causing the pump to lose its priming. As soon as the pumping ceases, 
the well, pit, and pump fill again, and the process is repeated. When 
run up to full speed this intermittent action occurs. When run 
below speed it is possible to maintain a constant flow. The test was 
made under these latter conditions. 

Fuel, — No. 2 engine distillate, 48° Baume, costing 5J cents per 
gallon delivered. 
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Log of test No. 1,D. W. Helm, May 31, 1905. 



No 



Time. 



I Revolutions ] 
I per minute. 

Explo- 

\ sions 

per 
Engine. Pump, minute. 



Indicator card. 



Area. ' Length. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 



10.22 
10.26 
10.30 
10.34 
10.38 
10.45 
10.47 
10.51 
10.53 
10.58 
11.03 
11.09 
11.14 
11.23 
11.32 



230 



800 



210 
230 



685 



214 


720 


200 

1 


690 


208 


694 


206 


690 



206 



Mean. 



200 



Mean 
effect- 
ive 
pres- 
sure 
per 
sciuarc 
inch. 



Indi- 
cated 
horse- 
power. 



700 



695 



105 
108 
108 

98" 

98 
111 

99 

98 ' 
100 

97 

99 

96 
103 

99 

98 



Sq. in. 

1.52 

1.51 

1.16 

.91 

.87 

1.30 

.91 

.90 

1.13 

1.10 

1.14 

.91 

1.00 

.95 

.96 



Inches. 
3.4-j 
3.4') 
3.46 
3.42 
3.42 
3.45 
3.43 
3.43 
3.44 
3.44 
3.44 
3.43 
3.44 
3.42 
3.43 



Pounds 
I 90.3 
89.5 
' 68.7 
I 54.6 
I 52 
I 77, 
! 54, 



1 
2 
4 



53.8 I 

67.3 

65.6 

67.9 

54.4 

59.6 

56.9 

57.4 



8.12 
8.28 
6.36 
4.58 
4.37 
7.34 
4.61 
4.52 
5.77 
5.45 
5.76 
4.47 
5.26 
4.83 
4.82 



P'^' Mean- I Useful 
charge i ^^|- water 

second.i "*'*"• power. 



5.64 



Cu. ft. 


Feet. 
44.0 


1.63 




44.0 
45.0 
44.0 


1.63 
1.67 
1.63 





44.0 


1.63 




44.3 


1.65 




44.3 


1.65 


1 45.0 

1 


1.67 




45.0 


1.67 



0.328 



44.4 



1.65 



Test No. 2. — Plant Owned by the Sam Lee Company, near 

Pomona. 

Equipment, — A 12-horsepower Fairbanks-Morse gasoline engine; 
cylinder, S^V by 14 inches; pulley, 35 inches; engine old and in poor 
condition; a No. 4 vertical single Byron-Jackson centrifugal pump, 
one 4-inch suction pipe from 10-inch well 200 feet deep; diameter of 
discharge pipe, 6 inches; pulley, 10 inches; 7i-inch canvas belt, 20 
feet between centers, direct quarter-turn; an 18-inch Cipolletti weir 
installed by testing party. 

Suction lift, 20.5 feet; discharge lift, 41.4 feet; total lift, 61.9 feet. 

The engine in this case was old, much worn, and badly abused, 
but the pump was new, having been in but three months. Later 
in the season the engine was replaced by an electric motor, and a 
test under the latter conditions made an interesting comparison with 
the present one. (See test No. 12.) 

Fuel, — No. 2 engine distillate, 44° Baume; density, 0.811, costing 
5i cents per gallon. 

31044— No. 181—07 2 



Log oflal No. 2, Scan, /-« Company, l^eptember 5, 1905. 
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Test No. 3.^11ivek Station No. 1 of the Uivesside Watbb 
Company, near Coi.ton. 

Equiyment. — A SlUuirsepower FairI>anks-Morse gasoline engine; 
cylinder, 16 by 18 inches; speed about 180 revolutions per minute; 
pulley, 72 by 12 inches; a No. 10 vertical single Byron Jackson cen- 
trifugal pump; one lO-kich suction pipe 30 feet long from well 
directly below pump, and one 7-inch suction pipe from another well 
200 feet away; dischai^e pipe, 19 inches; an ] 1-inch rubber belt with 
quarter-turn; a 48-inch contracted rectangular weir already in place. 

No suction lift (pump under water); dischai^ lift, 11.31 feet 
(measured). 

This plant was running on Coalinga distillate, the oil being fed 
through the ordinary form of retort, heated by the exhaust gases. 
The engine is started on No. 1 distillate, and when the retort is thor- 
oughly heated the Coalinga is turned in. The engine was in bad 
shape at the time of the test, the piston being worn. It was con- 
siderably too lai^ for its work, as can be seen by comparing the 
explosions per minute (50) with the revolutions per minute (180). 
No examination could be made of the pump, which was under water. 

Fuei.— Coalinga distillate, 35° Baum4, costing 5 cents per gallon. 

This plant gave the lowest efficiency of all the gasoline plants tested. 
How much of the trouble was due to the engine and how much to the 
pump could only be ascertained by a brake test. 

It is understood from the owners of the plant that it was working 
under very unfavorable conditions at the time this test was made, 
and that later in the season, when the water plane is lowered and 
when the head is therefore largely increased, the efficiency is much 
higher. 



Log of test No.S, River ttalion No. 1, June it, 1W5. 
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Test No. 4. — Plant Owned by the Einoslby Tract Watee 
Company, between Pomona and Clabemont. 

Kquiimtent. — A 32-hor8epower Fairbanks-Morse gasoline engine; 
cylinder, 11.5 by 18 inches; speed about 200 revolutions per minute; 
pulley, 60 by 13 inches; a No. 4 compound vertical Byron Jackson 
centrifugal pump; one 5-inch suction pipe in a 7-inch well; dis- 
charge pipe, 6-inch O. D. casing; the pit is about 87 feet deep; pulley, 
13 by 18 inches; pump under water before starting; a 10-inch quar- 
ter-turn canvas belt with tightening pulley, 28 feet between centers; 
a 16-inch rectangular contracted weir, already in place. 

Suction lift, 8.3 feet (estimated); discharge hft, 88.3 feet (meas- 
ured) ; total lift, 96.6 feet. 

This test was not altogether satisfactory. In the first place, it 
was not possible to measure directly the suction lift, owing to the 
small space between the well and suction pipe, which was interrupted 
by sleeves. It had to be estimated in the following manner: The 
reading of the vacuum gauge was noted at the instant the level of the 
water fell to the level of the pump; this reading, subtracted from 
subsequent readings of the gauge, gave a fair measure of the suction 
lift. It is believed that the results do not differ from the true value 
by more than a foot or two. The second difficulty lay in the fact that 
the large cement pipe used in conveying the water to the weir box 
would not carry all of the discharge. A small amount overflowed the 
standpipe, and this was estimated, as well as possible, at about 63 
gallons per minute. 

Fuel. — No. 2 engine distillate, 48° Batun6; density, 0.794, costing 
6 cents per gallon. 



Log of test !f>t. .^, Kingd^ Tract Walrr Company, June 1, 1906. 





















1 


11 1 














'■' 


a a 




Lb>. 1 


Jf». 


Co./*.' »■«(. 









m 

1 192 


K7Ji 


i 


.48 

1 

.49 


4! 4a 

4.40 

4!4a 1 

4,«' 


m.2 
m.4 

eo.i 


|i 

71.6 
28.S 






M.8 

96. S 




.« 


1 


:«44 


n'™ 




■IS 


B.» 
















<.«!!":;!!! 


B.m 








1 

















Test No. 5. — Plant Owned by Db. Geohge E. Mosiibr, Pomona. 

Equipment.^A 30-horsepower West Coast gasoline engine; cylin- 
der, OJ by 20 inches; speed, about 260 revolutions per minute; pulley, 
48 by 10 inches; throttling governor. No. 6 single vertical Byron 
Jackson centrifugal pump; one suction pipe, 8 inches in diameter 
and 40 feet long; dischai^e pipe 10-inch riveted casing; pulley, 16 
by 17 inches; direct, quarter-turn, 10-inch rubber belt, 28 feet between 
centers; a 24-inch rectangular contracted weir put in by testing party. 

Suction lift, 18.6 feet (measured); dischai^e lift, 49.3 feet (meas- 
ured); total lift, 67.9 feet. 

This plant is of modem design, and would have given excellent 
results except for an unfortunate difficulty, one often met with in 
plants of this type, and one of the most troublesome to deal with. 
The well casing in this instance was perforated from the bottom of 
the pit to a considerable depth. A large part of the total flow of the 
well was taken from a stratum of gravel a few feet below the bottom 
of, the pit, and from the drainage of the pit itself. As soon as the 
pump was started the level in the well fell at once to about 17 feet 
below the top of the casing. The large volume of water entering from 
the upper perforations and the pit, and falling through the space 
between the casing and the suction pipe, drew along with it a consid- 
erable volume of air, which was carried in the form of bubbles to the 
end of the suction pipe. Here the air entered the pump, partially 
destroying its priming, and caused the flow to fall so low as to check 
the travel of air down the well. The pump immediately picked up 
its water again and repeated the process. The result was a continual 
pulsation in the discharge. These causes were easily verified by 
fluctuation of over 6 feet in the water level of the well, by the regular 
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vibration of 6 or 6 inches in the vacuum gauge, and by the intermittent 
character of the dischai^e itself. The trouble is a pecuhar one, and 
the writer has not been fortimate enough to see the following remedies 
actually tried, but they are given here merely as suggestions: To 
eliminate perforations in the casing down to at least 30 feet below 
the bottom of the pit; to remove the suction pipe and surround it 
with a number of flanges which just fit the casing; to calk the top 
of the well around the suction pipe. It is understood that increasing 
the length of the suction pipe does not remove the trouble, as air is 
carried down to almost any depth by this cause. Of course such 
action is fatal to high efficiency, as the results show. 

Fuel. — No. 2 engine distillate, 48° Baunii^; density, 0.794, coating 
5i cents per gallon. 

Imo of text No. 5, Dr. George E. Mosher, June 8, 1905. 
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Test No. 6. — Plant Owned by R. M. Thurman, neab Pomona. 

Equipment. — A 30-horsepower White & Middleton gasoline engine; 
cylinder, 10 by 18 inches; pulley, 54 inches; a No. 4 vertical Hunsaker 
centrifugal pump; one 6-inch suction pipe entering the bottom of the 
pump from a 10-inch well 385 feet deep; dian-eter of discharge pipe, 
S inches; pulley, 12 inches; 10-inch canvas belt, 30 feet between 
centers; a 24-intrh c<intracted rectangular weir. 

Suction lift, 21 feet (measured); dischat^e lift, 41 feet (measured); 
total, 62 feet. 

In this plant the gasoline was measured by pouring a weighed quan- 
tity by hand into the engine cup, care being taken not to allow any 
overflow. In this way a test can be made in a much shor,ter time 
and more accurately than by noting the fall in the tank level. 



Fuel.—}^o. 1 engine distillate, 45.5° Baum4, density 0.804, costii^ 
6.75 cents per gallon. 
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Test No. 7. — Plant Owned by Lee Matthews, near Pomona. 

Equipment. — A 30-horsepower White & Middleton gasoline engine; 
cylinder, 10 by 18 inches; speed, about 185 revolutions per minute, 
exploding every charge; pulley, 42 by 12 inches; a No. 5 compound 
vertical Byron Jackson centrifugal pump; one 7-inch suction pipe 
from a 10-inch well; discharge pipe, 7-inch riveted casing, containing 
1 check valve; pulley, 11.5 by 17 inches; a 10-inch canvas, direct, 
quarter-tum belt, with tightening pulleys, 27.6 feet between centers; 
a 24-inch rectangular contracted weir put in by the testing party over 
the old weir. 

Suction, 20.5 feet (estimated); discharge lift, 73 feet (measured); 
total lift, 93.6 feet. 

The suction lift could not be measured for the same reasons as in 
test No. 3, and had to be estimated by the vacuum gauge in the same 
manner. This is one of the best gasoline plants tested by our party. 
The machinery is kept clean and in perfect order. Except for the 
necessity of estimating the suction head, the test is a most satisfactory 
one. The owner regulated the supply of gasoline so that the gov- 
ernor does not cut out, the engine exploding on every working stroke. 
The engine had to be run a little below its full capacity during the test 
to avoid drowning the weir. It is the writer's opinion that the plant 
would have shown slightly better results at full speed. 
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Fuel. — No, 2 engine distillate, 47° Baum6, costing 5.25 cents i 
gallon. 





Log of lest 


No. 7 


Lee Matthews. 


Junes 


190S 












RevoLuH 


T^' 


ii 
f 

M 
M 


1n.ll<» 

1:75 

!.B9 
LM 

1:71 
1.6B 

Le§ 

1.08 


In ell CI. 

11 

140 
4.40 

is 


^K^ 

719 
79.7 

7S:9 
78 3 


I 

1 

w!i 

27.1 

2?; 2 

56.0 
28.4 
J»l 
25.S 
2fl,7 

Ii 

26.6 
26.3 


7ns. 1 C«,/(. 
m. LiO 


i h- 


Nn, ' Time. 




i 

i 

187 
11? 

187 


1 

m 

m 

STfl 


923 
93,6 

93.9 

SI 

93.1 

Ii 


^ 






i\fx 


3- 


ii 


la 






j 9.00 

I >;3o::;::;;::: 


i. 




I-: tsisi 

" 1:S|SS 

' L07 913 








1 ' 19.30 


1. 


1« 11-00 


1. 
















2d7 


1 L09 93.8 





















Test No. S. — Plant Owned by the Phillips Estate, between 
Pomona and Spadra. 

Equipment. — A 35-horsepower White & Middleton g&soline engine; 
cylinder, 11 by 20 inches; speed, about 180 revolutions per minute; 
engine starts by compVessed air; pulley, 48 by 13 inches; a No. 6 
compound vertical Byron Jackson centrifugal pump; one 7-inch suc- 
tion pipe, 60 feet long, from a 10-incb well 275 feet deep; discharge 
pipe, 9-inch riveted casing; the pit is 68.5 feet deep; pulley, 12 by 16 
inches; 12-inch canvas, direct, quarter-turn belt, 30 feet between 
centers; a 24-inch contracted rectangular weir placed in the open 
ditch by the testing party. 

Suction lift, 23 feet (estimated); discharge lift, 67.4 feet (meas- 
ured) . 

This plant is a type of the most modem gasoline centrifugal 
plants. The engine is started by compressed air, which entirely 
does away with the annoyance and delay of the hand methods of 
starting such large engines. The compressed air is kept in a cylin- 
drical tank, about 14 by 60 inches in size, and at about 100 pounds 
pressure, and is furnished by a small air pump belted to the engine. 
The air is admitted into the cylinder by a hand-operated valve until 
the required speed is attained. When up to speed the compressor 
belt is thrown on and the air tank replenished. Of all the plants 
tested by our party, this was the only one found which used this 
convenient method of starting. The same difficulty in regard to 
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air GarTie<t inLo the suction pipe had been encountered here as in 
test No. 5, but the trouble had been eflfectually stopped by calking 
the top of the well casing. This, however, prevented our measuring 
the suction lift, and it had to be estimated in the manner described 
in test No. 11. 

i*Wi.^No. 2 engine distillate, 43° Baum4, costing 5 cents per 
gallon. 

Log of test ^'o. 8. PhiUipi fitatf, June 10, 1905. 
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Test No. 9. — Spring Brook Plant of the RivERsins Water 
Company. 

Equipment. — A 60-horsepower Fairbanks-Morse gasoline engine; 
cylinder, 16.5 by 22 inches; speed about 180 revolutions per min- 
ute; pulley, 78 by 16 inches; a No. 8 single horizontal Krogh cen- 
trifugal pump; one 12-inch suction pipe about 8 feet long; no well, 
as the pump draws its water directly from the creek; discharge pipe 
22 inches in diameter, 2,000 feet long, fitted to the pump by taper 
connections; a 14-inch rubber belt, 28.8 feet between centers; a 
48|-inch rectangular suppressed weir, with a velocity of approach 
of about 1.1 feet per second. 

Suction lift, 6.5 feet (measiu-ed); discharge lift, 48. 5 feet (meas- 
ured); total lift, 55 feet. 

This is one of the plants pumping from the bed of the Santa Ana 
River into the Riverside Water Company's canal. 

Fuel. — No. 2 Coalinga engine distillate, costing SJ centa per gallon. 

The exceptionally good performance of this plant seems to be due 
to its large size, to the good design of the pump, which was designed 
especially for this location, to the low suction lift, and to the simple 
conditions under which it is operated. The first cost ($3,500) is 
low on account of the absence of a well. 



Log of teat No. 9. Spring Brook plant, June gl, 1906. 
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Test No. 10. — Plant Owned by Martin Brothers, near Pomona. 

Equipment. — A 25-hor8epower Fairbanks-Morse gasoline engine; 
cylinder, 10.5 by 18 inches; pulley, 16 inches in diameter; an Addi- 
son double-acting deep-well pump with 7-inch cylinder and 24-inch 
stroke. Ratio of gearing, 1 to 4 ; diameter of dischai^e pipe, 6 inches; ■ 
pulley, 32 inches; 12-inch canvas belt, 26 feet between centers. 

No suction lift (pump below water) ; discharge lift, 203.5 feet. The 
water pump was measured by means of a cement reservoir 60 feet in 
diameter. 

This test is of interest as showing the performance of a high-lift, 
deep-well pump as compared with those of the same type on low lifts. 
(See tests Nos. 20 and 21.) The gasoline was measured in this case by 
actual weight. The piping of the engine was changed so as to draw 
fn)m a small tank which was weighed before and after the test. The 
overflow was returned to this tank. 

Fuel. — No. 2 engine distillate, costing 54 cents per gallon; density, 
0.800. 
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Log ofteM No. 10 ^ Martin Brothers, August SI, 1905. 
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4.15 






10 


4.30 






11 


4.45 




205 






Mean. . 










■ 




16.7 


0.241 


a03.5 


5.56 




i i 1 


1 







Test No. 11. — Ganesha Park Municipal Plant, owned by the 

City of Pomona. 



Equipment. — A 15-horsep()wer Fairbanks-Morse gasoline engine; 
cylinder, 8.25 by 14 inches; speed, about 250 revolutions per minute; 
pulley, 16 by 11 inches; a Pomona deep- well pump; pump cylinder, 
7 inches in diameter; strokes, 29.5 and 25.5 inches, with a No. 18 
pump head; ratio of gearing, 14 to 75; discharge pipe, 1,148 feet of 
6-inch O. D. casing to a reservoir on the top of a hill. Well, 10 inches 
in diameter and 65 feet deep ; bottdm of pump cylinder, 55 feet below 
the surface; a 10-inch canvas belt 24.7 feet between centers. 

No suction lift; discharge lift, 180.3 feet. 

No weir was used in this test, the water being measured by the rise 
of level in the reservoir at the end of the pipe line. The mean 
area of the reservoir at the points where the level was read was 2,350 
square feet. The total rise in level in 4 hours 41 minutes was 30.5 
inches, giving a discharge of 0.354 cubic foot per second. Great diffi- 
culty was experienced in ascertaining the depth to water and the 
results may be in error to the extent of 4 or 5 feet. In a high-head 
plant of this sort, however, such error is not of serious consequence. 
Pumps of the above t3rpe with two pistons whose strokes overlap can 
not have their displacement figured by the simple formula of piston 
area multiplied by the length of the stroke. 

Fuel. — No. 2 engine distillate, 48° Baum6; density, 0.794, costing 
6 cents per gallon delivered. 
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Log of test No. 11, Ganesha Park, May 27^ 1905. 



No. 



1 
2 
3 
4 
5 
G 
7 
8 
9 
10 



Time. 



Revolutions 
per minute. 



Explo- 
sions 
I per 
Engine. Pump. I minute. 



8.34 


i 
..' 256 


9.00 


255 


9.30 


255 


10.00 


254 


10.30 


254 


11.00 


255 


11.30 


255 


12.00 


254 


12.30 


255 


1.00 


255 



Mean. 



21. 
21. 



20.9 
21.1 
20.9 
20.9 
20.9 
21.1 
20.9 
20.9 



83 
81 
88 
84 
82 
83 
82 
81 
83 
81 



I Indicator 
card. 



Area. ' Length. 



Sq. in. I Inches. 



1 



64 
1.61 
1.27 

53 
1.55 
1.54 
1.53 
1.50 
1.45 
1.50 



48 
47 
50 
48 
49 
49 
48 
3.50 
3.47 
3.46 



3. 
3. 
3. 
3. 
3. 
3. 
3. 



Mean 
effec- 
tive 
pres- 
sure 
per 
square 
inch. 

Lbs. 
96.6 
95.1 
74.4 
90.1 
91.0 
90.5 
90.1 
87.9 
85.7 
88.9 



Indi- Dis- 

cated charge | 
horse- per i 

power, second.' 



Meas- 
ured 
head. 



Useful 
water 
horse- 
power. 



I 



15.2 

14.6 

12. 

14. 

14. 

14. 

14. 

13. 

13. 



4 
3 
1 
2 

5 
4 



13.6 



13.9 



1 

' Cu.ft. 


Feet. 






180.3 


7.23 


1 


180.3 


7.23 


1 1 


180.3 


7.23 




180.3 


• 7.23 




180.3 


7.23 




180.3 


7.23 


• •-•••■■> 


180.3 


7.23 


. 


180.3 


7.23 


1 1 


180.3 


7.23 


1 

1 

1 


180.3 1 


7.23 


0.354 


180.3 1 


7.23 



PLANTS DRIVEN BY EliECTBIC MOTOBB. 

Test No. 12. — Plant Owned by the Sam Lee Company, near 

Pomona. 



Equipment, — A General Electric Company 15-horsepower induc- 
tion motor, Type I, Form K, 60 cycles, 3-phase, 220 volts; pulley, 12 
inches in diameter; Thompson polyphase meter, constant = 20. Other 
details of the plant as given in test No. 2, except pump pulley, which 
was 12 inches in diameter. 

The test in this case was made with the regular Thompson record- 
ing meter, which had recently been installed, tested, and found to be 
correct. 

Log of test No. 12, Sam Lee Company, September 26, 1905. 



No. 



Revolutions per 
minute. 



Time. 



Motor. I Pump. 



1 
2 
3 
4 
5 
() 
7 
8 
9 



10.00. 
10.15. 

io.;«. 

10.45. 
11.00. 
11.15. 
11.30. 
11.45. 
12.00. 



999 
1,000 
996 
996 
993 
996 
995 
991 
993 



1,004 
1,000 
990 
996 
995 
985 
988 
980 
983 



Mean. 



Time 


Revo- 






of 


lutions 


Kilo- 
watts. 


Weir 


watt- 


of 


read- , 


meter 


watt- 


ings. 


disk. 


meter. 





1 
I 


Sees. 


1 

Inches. 


65.4 


10 


11.0 


3A 


65.2 


10 


11.0 


^'6 


66.0 


10 


10.9 


3| 


66.2 


10 


10.9 


3i 


67.0 


10 


10.7 


3^ 


67.0 


10 


10.7 


31 


66.6 


10 


10.8 


3 


66.6 


10 


10.8 


3i 


65.0 


10 


11.1 


3t'. 






10.8 









Dis- 
charge 
per sec- 
ond. 



Cu 



u.ft. 
0.73: 



Meas- 
ured 
head. 



Feet. 



Useful 
water 
horse- 
power. 



32 
.732 
.712 
1712 
.712 
.712 
.712 
.712 
.691 



714 



62 



5.01 
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Test No. 13. — Station No. 6 of the Gage Canal Company, be- 
tween COLTON AND ReDLANDS. 

Equipment. — A 20-horsepower General Electric induction motor, 
Type I, Form L; 50 cycles, 3-phase, 440 volts; pulley 12 by 12 inches; 
a No. 6 vertical, single Byron Jackson centrifugal pump; pulley, 
20 by 20 inches; a 10-inch direct quarter-turn leather belt; a Thomp- 
son polyphase wattmeter, 50 cycles; constant = 100; a 40-inch con- 
tracted rectangular weir. 

Suction lift, 19.5 feet (estimated); discharge lift, 3 feet (measured); 
total mean lift, 22.5 feet. 

The following test was a rough one, made without the regular 
measuring instruments. The recording wattmeter was relied on to 
give the power. 



Watts = 



72,000 X number of revolutions of disk. 
Time in seconds. 



Log of test No. J:i, Gage danal, station No. G, June 27, 190,5. 



No. 



' Revolutions per 
' minute. 



Time. 



1 
2 
3 
4 
5 
6 



Motor. Pump. 



1.30. 
1.46. 
2.00. 
2.15. 
2.30. 
2.45. 
3.00. 



755 



447 



755 



757 



44G 



446 



Mean. 



Revo- I 
lutions' 
of ' 
watt- 
meter 



Time 
of 
' watt- 
i meter. 



Kilo- 
watts. 



Weir 
read- 
ings. 



Dis- 
cliai^e 

per 
second. 



Meas- 
ured 
head. 



Useful 
water 
horse- 
power. 




Test No. 14. — Plant Owned by the Pomona Land and Water 

Company, near Pomona. 

Equipment. — A 30-horsepower General Electric induction motor, 
Type I, Form K2; 60 cycles, 3-phase, 440 volts; wattmeter trans- 
former ratio 5 to 1; pulley, 12.25 by 11 inches (motor running on 50 
cycles); a No. 5 vertical, single-runner Byron Jackson centrifugal 
pump; one 5-inch and one 6-inch suction pipes from two wells; pit, 
65 feet deep; discharge pipe 7.25-inch riveted casing, with one long- 
radius elbow; pulley, 13 by 16 inches; pump 63 feet below the sur- 
face, and entirely submerged at the time of the test; a 7.5-inch 
laced leather belt, quarter- turn, 28.4 feet between centers; a 30-inch 
rectangular, contracted weir already in place. 

No suction lift (jnimp submerged); discharge lift, 60.3 feet (meas- 
ured). 

This plant is a fair average of a large number of electric centrifugals 
in southern California. 
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Log of teal No. 14 y Pomona Land and Water Company, May 23, 1905. 



No. 



1 
2 
3 
4 
5 
6 
t 
8 
9 
10 
11 



Time. 



9.15.. 
9.30.. 

9. 45. . 
10.00. 
10. 15. 
10.30. 

10. 45. 
11.00. 
11.15. 
11.30. 
11.45. 



Revolutions 
per minute. 

Motor. Pump. 



742 ' 

740 ' 
744 
745 
742 
745 , 
742 I 

744 ; 

741 1 

742 : 

743 



645 
655 
657 
657 
658 
65() 
654 
()58 
652 
653 
658 



Wattmeters. 



I 



Phase A. Phase B. 



15 
15 
12 
06 
00 
08 
00 
2.95 
3.00 
3.05 
3.02 



I 



0.25 
.26 
.26 
.24 
.25 
.25 
.20 
.25 
.20 
.15 
.15 



Total 
kilo- 
watts. 



17.00 
17.05 
16.90 
16.50 
16.25 
16.65 
16.00 
16.00 
16.00 
16.00 
15.85 



Mean ' ' 16.38 



Weir 
read- 
ings. 



Inches. 
4 
3j 
3j 
3i 
3] 

3rfl 

3! 



t 



%' 



I 



6 



Dis- 
charge 

per 
second. 



Cu.ft. 
1.56 
1.34 
1.34 
1.28 
1.21 
1.25 
1.21 
1.18 
1.21 
1.12 
1.15 

1.26 



Meas- 1 ^««/"^ 

"red ';i::ftf/ 

head. • J^^^«,«: 
power. 



Feet. 
56.2 
58.7 
60.2 
60.3 
60.5 
60.9 
61.0 
61.2 
61.2 
61.3 
61.3 

60.3 



9. 

8. 
8. 



9.93 
8.91 
14 
74 
29 
8.62 
8.36 
8.18 
8.39 
7.78 
7.99 



8.57 



Test No. 15. — Plant Owned by the West Kiverside Water 
Company (350-inch Water Right) near Colton. 

Equipment. — A 50-horsepower Westinghouse induction motor, 
Type C; 2,000 volts, 13.9 amperes per terminal, 3-phase, 7,200 alterna- 
tions; wattmeter transformer ratio, 9.04 (2,080 to 230); pulley, 21 
by 12 inches; a No. 8 compound vertical McKay centrifugal pump; 
no suction pipe; 14-inch discharge pipe; one 18-inch well; pulley, 
15 by 13 inches; a 12-inch double, leather belt, quarter-turn with 
tightening pulley; a 72-inch contracted rectangular weir already in 
place. 

No suction lift (pump under water) ; discharge lift, 28.4 feet (meas- 
ured) . 

This plant was running very inefficiently. The motor was well 
loaded and ran hot. The pump boxes ran hot as well, but the prin- 
cipal loss seemed to be in the pump, which absorbed a great amount 
of power in proportion to its useful output. It was not possible at 
the time of the test to see the construction of the pump, but it was 
evident that the whole was contained within the 18-inch casing. The 
runners, therefore, must have been of rather small diameter. 

Log of test No. 15, S50-inch plant, June 26, 1905. 



No, 



1 
'> 

3 
4 

5 
6 

7 
8 



1.30. 
1.45. 
2.00. 
2. 15. 
2.30. 
2. 45. 



3.00. 
3. 15. 
9 3.30. 



Time. 



Mean . 



Revolutions 
per minute. 



Wattmeters. 



Motor. , Pump. ' Phase A. 



702 
706 
702 



708 



709 



908 
900 
902 



912 



908 



3.15 
3.20 
3.00 
3.15 
3.10 
3.18 
3.20 
3.20 
3.20 



Phase B. 



I 



Kilo- 
watts. 



1.40 
1.45 I 
1.40 ; 
1.40 , 
1.42 I 
1.41' 

1.40 ; 

1.40 
1.40 



I 



41.1 
42.0 
39.8 
41.1 
40.9 
41.5 
41.6 
41.6 
41.6 I 

41.2 



Weir 
read- 
ings. 



Inches. 
3i 



Dis- 
charge 

per 
second. 



Useful 
water 
horse- 
power. 




30 



Test No. 16. —Plant Owned by San Dimas Water Company, neab 

San Dimas. 

Immediately after test 26 had been completed (p. 37) the engine 
was shut down, the pulley on the pump changed to one 18 inches 
in diameter, and the belt thrown over to an induction motor. This 
was a 40-horsepower General Electric induction motor, 60 cycles, 
440 volts, 3-phase, with pulley 17 inches in diameter; wattmeter 
transformer ratio, 275 to 110. While these changes were being 
made, the water in the well rose some 19 feet, so that no observa- 
tions were made until the water level had fallen to the same stage 
as in the previous test. 

The efficiency is seen to be the same for the two cases. It was 
observed, however, that the surface of the water in the pit was within 
a few inches of the suction during both runs. It is possible that 
air might have been drawn in during both tests. It was not pos- 
sible to observe this in the discharge, as this entered a tunnel many 
feet distant from the weir. 

Lag of lest No. 16, San Dimas Irrigation Company, August 5, 1906. 



No. 



Time. 



Revolutions 
per minute. 



Wattmeters. 



Motor. 



1 
2 
3 
4 
5 
6 
7 



2.00. 




753 


2 30 




760 


3.00. 
3 30 




760 
758 


4.00. 




756 


4.30 


759 


5.00 


760 




Mean 








IT A 


Jt\ 17 


Pt . A AT' 



i Kilo- 
- 1 watts. 



Pump. Phase A. Phase B. 



712 
715 
715 
712 
708 
714 
713 



8.00 
8.00 
8.00 
7.95 
8.00 
8.00 
8.00 



1.45 
1.50 
1.50 
1.55 
1.50 
1.65 
1.60 



23.6 
23.7 
23.7 
23.7 
23.7 
24.1 
24.0 



23.8 



Weir 
read- 
ings. I 



Inches 
3| 

3U 



Dis- 
charge 

I)er 
second. 



Cu. ft. 
1.42 
1.37 
1.38 
1.38 
1.38 
1.38 
1.38 



Meas- 
ured 
head. 



Useful 
water 
horse- 
power. 



1.38 



Feet. I 

94.4 

•14. o |........ 

94.3 

94.3 

94.3 

94.3 

94.3 

94.3 I 14.7 



Test No. 17. — Plant Owned by the Currier Tract Water Com- 
pany, NEAR Pomona. 

Equipment. — A 30-horsepower General Electric induction motor, 
Type I, Form L; 60 cycles, 3-phase, 550 volts; running on 50 cycles; 
wattmeter transformer, ratio 1 to 10; pulley, 13 by 11 inches; a No. 
5 compound vertical Byron Jackson centrifugal pump; one 7-inch 
suction pipe from a 10-inch well; discharge pipe 8 inches, riveted 
casing; pit about 100 feet deep; pulley, 13 by 16 inches; a 10-inch 
direct, quarter- turn leather belt, 24.7 feet centers; a 24-inch rec- 
tangular weir partially contracted, already in place. 

Suction lift, 25.1 feet (measiu*ed); discharge lift, 97.3 feet (meas- 
ured); total mean lift, 122.4 feet. 

The pump here used is known by the builders as the ^'old style'' 
compound, where the discharge from one runner is conducted through 
a pipe to the inlet of the next. The performance of the plant is good, 
even though the belt was slipping slightly at the time of the test. 
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Log of test No. 17, Currier Tract Water Company, June 7, 1906. 



No. 


Time. 


Revolutions 
per minute. 


Wattmeters. 
Phase A. Phase B. 


Kilo- 
watts. 


Weir 
read- 
ings. 

Inches. 

ill 

i 

3 h 
Hh 
3H 
3H 

3j 


Dis- 
charge 

per 
second. 


Meas- 
ured 
head. 

Feet. 


Useful 
water 
horse-, 
power. 


1 
2 
3 
4 
5 
6 
7 
8 
9 




Motor, i Pump. 


12.30 


1 

746 ' 726 
739 722 
744 726 
743 720 
743 719 
743 723 

741 722 
743 725 

742 721 


1.80 
1.77 
1.82 
1.78 
1.81 
1.80 
1.77 
1.83 
1.80 


0.56 
.57 
• .58 
.57 . 
.55 
.57 
.55 
.55 
.53 


23.6 
23.4 
24.0 
23.5 
23.6 
23.7 
23.2 
23.8 
23.3 


Cu.ft. 
1.10 
1.10 
1.10 
1.13 
1.10 
1.10 
1.10 
1.10 
1.07 




1.00 


121.8 




1.30 




2.00 






2.30 


122.8 




3.00 




3.30 


122.2 




4.00 




4.30 


122.9 




Mean 




1 : 




23.6 


' 1.10 

1 


122.4 


15.3 


• 


i 







Test No. 18. — Plant Owned by the Glendora and Azusa Water 

Company in the San Dimas Wash. 

Equipment. — A 100-horsepower Westinghouse induction motor, 
Type C, 400 volts, 130 amperes per terminal, 3-phase, 7,200 alter- 
nations; pulley, 42 by 16 inches. A No. 6 compound Byron Jackson 
centrifugal pump; one 6-inch suction from a 12-inch well, 531 feet 
deep. Discharge pipe of 10-inch riveted casing, with one long- 
radius elbow; depth of pit, 212 feet; pulley, 26 by 16 inches. West- 
inghouse polyphase wattmeter, 5 amperes, 400 volts; 2 Westing- 
house series converters; primary, 120 amperes, secondary, 5 amperes; 
a 10-inch direct, quarter-tiu*n canvas belt, 34 feet between centers; 
a contracted, rectangular weir, 234f inches wide, put in by testing 
party over the old 30-inch weir. 

No suction lift (pump under water); discharge lift, 189 feet 
(measured). 

This motor was too large to be tested on the indicating wattmeters 
used by the party. The readings of the recording wattmeter were 
therefore depended on to give the power input. While entire con- 
fidence can not be placed on its indications, it at least gives an exact 
measure of the cost of power to the owners of the plant. 

4,800 X number of revolutions of disk X trdnsfo rmer ratio 
* ^~ time in seconds. 

From the measurements obtained it would appear that this plant 
gave remarkably good results. It is to be regretted that a test with 
the Weston instruments was not possible. 

The plant contained also a 75-horsepow^er Westinghouse motor, 
belted to a centrifugal pump of the same style and size as the other. 
No test was made on this. 
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Log of test No. 18, Glendora and Azusa Water Company, June 13, 1905. 



No. 



Time. 



Revolutions per 
minute. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 



1.00 
1.15 
1.30 
1.45 
2.00 
2.15 
2.30 
2.45 
3.00 
3.15 
3.30 
3.45 
4.00 






Motor. Pump. 

1 
489 787 








488 789 








485 787 



Revo- 
lutions 
of 

watt- 
meter. 





489 


793 








487 


792 








488 


793 



489 



794 



50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 



Time of 
watt- 
meter 



Seconds. 
101 
106 
109 
109 
114 
111 
107 
106 
111 
108 
111 
109 
108 



Kilo- 
watts. 



Weir 
read- ' 
ings. 



Mean 



57.1 
54.1 
52.9 
52.7 
50.6 
51.9 
53.8 
54.2 
52.0 
53.3 
52.0 
52.8 
53.4 



Dis- 
charge 

per 
second. 



Cu.ft. 
2.02 
1.95 
1.89 
1.82 
1.79 
1.79 
1.79 
1.79 
1.79 
1.79 
1.76 
1.76 
1.76 



53.1 



1.82 



Meas- 
ured 
head. 



feet. 
181.9 



Useful 
water 
horse- 
power. 



187.0 
i89."7" 



190.4 



41.8 
40.8 
40.0 
38.8 
38.5 
38.5 
38.6 



190.8 



191.0 
i9i.'3' 



38. 
38. 
38. 
38. 
38. 
38. 



188.9 



39.0 



Test No. 19. — Plant Owned by James IIewston, near Riverside. 

Equipment.— A. 10-horsepower General Electric induction motor, 
60 cycles, 200 volts, 3-phase; diameter of pulley, 8 J inches; a No. 7 
Quimby screw pump ; discharge pipe, 8-inch riveted casing, about 1,000 
feet long, with one check valve and three short-radius elbows; 
suction pipe 6 inches in diameter and about 6 feet long; no well; an 
8-inch canvas belt, 13 feet between centers; a 10-inch rectangular 
weir with end contractions. 

Suction lift, 4.7 feet (measured); discharge lift, 33.5 feet (meas- 
ured); total mean lift, 38.2 feet (measured); constant total lift as 
shown by pressure gauge at pump, 52.3 feet. 

This pump drew its water from a sump about 6 feet deep, which 

in turn was connected to a canal by 50 feet of 8-inch pipe. The 

discharge pipe was laid on a gradual incline to the top of a hill, where 

the weir was located. The head pumped against was measured 

with a pressure gauge, and the lift was leveled up by means of a 

Y level. The difference between the two is so great as to indicate 

an obstruction of some sort in the pipe. The hydraulic horsepower 

of the pump, calculated from the reading of the pressure gauge, was 

2 92 
2.92. Combined efficiency of motor and pump, ^^^ = 41 per cent. 

Log of test No. 19, James Ilewston, June 30, 1905. 



No 



1 
2 
3 
4 
5 



4.45. 
5.00. 
5.15. 
5.30. 
5.45. 



Time. 



Revolutions Wattmeters 

per minute. wattmeters. 

Motor. I Pump. Phase A. 



992 
991 



533 
535 



I 



992 



532 



1.20 
1.25 
1.30 
1.35 
1.30 



Phase B. 



Mean. 



4.00 
4.10 
4.10 
4.05 
4.05 



Kilo- 
watts. 



5.20 
5.35 
5.40 
5.40 
5.35 



5.34 



Weir 
read- 
ings. 



Inches. 
4 
4 
4 
4 
4 



Dis- 
charge 

per 
second. 



Cu. ft. 
0.492 
.492 
.492 
.492 
.492 

.492 



Meas- 
ured 
head. 



Feet. 
38.2 
38.2 
38.2 
38.2 
38.2 



Useful 
watQr 
horse- 
power. 



2.13 
2.13 
2.13 
2.13 
2.13 



38.2 



2.13 
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Test No. 20. — Station No. 1 of the Consolidated Water 

Company of Pomona. 

Equipnoent — A 10-horsepower General Electric induction motor, 
Type I, Form L, 60 cycles, 3-phase, 440 volts; pulley, 8 by 6 inches 
(running on 50 cycles); a deep-well Lindsay & Addison piston 
pump; pump cylinder, 7 inches in diameter and about 2-foot stroke; 
ratio of gearing, 4 to 1; well, 9 inches in diameter; pulley, 72 by 8.5 
inches; Thompson polyphase wattmeter, 440 volts, 25 amperes, 50 
cycles; constant = 100; an 18-inch contracted rectangular weir; a 
6-inch double, leather belt. 

Lift, 63 feet (estimated). 

A\^o+*a _ 72,000 X number of revolutions of disk 

V\ atLO — -T ; ^ 

time in seconds. 

It was found impossible to measure accurately the lift of this plant. 
The above figure is obtained from plants in the immediate vicinity, 
and from the estimate of the attendant. It may be in error 10 per 
cent. The test is in this regard, of com-se, unsatisfactory. 

Log of test No. 20, Station No. 1, of Consolidated Water Company^ June 16^ 1905. 



No. 


Time, 


Revolutions per 
minute. 


Revo- 
lutions 
of 

watt- 
meter. 


Time of 
watt- 
meter. 


KUo- 
watts. 


Weir 
read- 
ings. 


Dis- 
charge 

per 
second. 


Meas- 
ured 
head. 


Useful 
water 


Motor. 


Pump. 


horse- 
power. 


1 


9.45 


1,000 


28.8 


10 
10 


Seconds 
107 
111 


6.72 
6.49 


IncJies. 

W 
2} 
2| 
2| 


Cu,ft. 
0.412 
.444 
.428 
.428 
.428 
.428 
.444 
.444 
.428 


Feet. 




?. 


10.00 






3 


10.15 








4 


10.30 


1,007 


28.8 


10 
10 
10 
10 
10 
10 


114 
114 
115 
116 
120 
120 


6.33 
6.30 
6.26 
6.20 
5.08 
6.00 






5 


10.45 






6 


11.00 


1,007 


28.8 






7 


11.15 






8 


11.30 


1,007 


28.8 
28.8 






9 


11.45 


1,006 








Mean 
















6.28 




.432 


63 


3.08 

















Test No. 21. — Station No. 3 of the Consolidated Water 

Company of Pomona. 

Equipment. — A 20-horsepower General Electric induction motor, 
' Type I, Form K, 60 cycles, 3-phase, 440 volts; pulley, 11 by 8.5 
inches; a deep-well Lindsay & Addison piston pump; pump cylinder 
10 inches in diameter and about 2-foot stroke; ratio of gearing, 12 
to 1; pulley, 30 by 8 inches; an 18-inch, double, leather belt, 21.6 feet 
between centers; a Thompson polyphase wattmeter, 50 cycles, 25 
amperes, 440 volts; constant = 100; an 18-inch contracted, rectan- 
gular weir, put in by the testing party over the old weir. 

Lift, 63 feet (measured). 

It was found impossible on this, as well as on all other motor- 
driven, reciprocating pumping plants, to measure the electric power 

31044— No. 181—07 3 
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on the Weston instruments, on account of the fluctuations of the 
needle. Since dead-beat instruments were not procurable the read- 
ings of the recording meter had to be taken by counting the revolutions 
of its disk. 

Watts = 72,000 X number of revolutions of disk 

time in seconds 

The lift was measured by a float let down between the well casing 
and discharge pipe. This was a fairly satisfactory test on a deep- 
well plant, a type on which it is most difficult to get reliable results. 

Log of test No. 21, Consolidated Water Company'' s Station No. 3, May ^7, 1905. 



No. 



Time. 



1 
2 
3 
4 
5 
6 
7 
8 



9.45 . 
10.00 
10.15 
10.30 
10.45 
11.00 
11.15 
11.30 



Revolutions per 
minute. 



Motor. 



Mean. 



748 
742 
745 
742 
744 
744 
742 
746 



Pump. 



22.8 
22.7 
22.6 
22.7 
22.7 
22.6 
22.6 
22.5 



Revo- 
lutions 

of 
watt- 
meter. 



20 
20 
20 
20 
20 
20 
20 
20 



Time of 
watt- 
meter. 



Seconds. 
87 
90 
89 

88 
86 
87 
88 
87 



Kilo- 
watts. 



9.81 
9.62 
9.69 
9.74 
9.86 
9.81 
9.73 
9.80 



9.76 



Weir 
read- 
ings. 



Inches. 



Dis- 
charge 
per sec- 
ond. 



Cu. ft. 



0.756 
.766 
.766 
.746 
.746 
.746 
.746 



760 



Meas- 
ured 
head. 



Feet. 
61.8 
62.3 
62.7 
63.1 
63.3 
63.3 
63.5 
63.6 



63.0 



Useful 
water 
horse- 
power. 



5.29 
5.34 
5.37 
5.40 
5.35 
5.35 
5.37 
5.37 



5.36 



^Test No. 22. — Plant Owned by the Excelsior Land Company 

NEAR Riverside. 

Equipment — ^A 20-horsepower General Electric induction motor, 
Type I, Form A, 50 cycles, 3-phase, 550 volts; pulley, 13 by 9 inches; 
Deane triplex, plunger pump, with plungers 8 inches in diameter and 
10-inch stroke; two 6-iiich suctions from two 10-inch wells; an 8-inch 
discharge line up a hill to the weir on the upper ditch; gearing, 4.8 to 
1; pulley, 42 by 12 inches; Thompson polyphase wattmeter, 25 am- 
peres, 550 volts, 50 cycles; K = 25; an 18-inch Cipolletti weir put in 
by the testing party of the previous year; an 8-inch, double, leather 
belt. 

Suction lift, 9 feet (measured) ; discharge lift, 66 feet (measured) ; 
total head, 75 feet. 

Watts = 25 X 3,600 X number of revolutions of disk 

time in seconds 

This plant, as in the case of deep-well plants, could not be measured 
with the Weston wattmeters. The recording instrument was there- 
fore relied on. This plant gave an excellent efficiency, even on the 
head of 75 feet, which is low for a triplex. The whole installation is 
well designed and constructed. 
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Log of test No, 22^ Excelsior Land Company, June 28, 1905, 



No. 


Time. 


Revolutions per 
minute. 


Time of 
watt- 
meter. 


Revo- 
lutions 
of 
watt- 
meter. 


KUo- 
watts. 


Weir 
read- 
ings. 


Dis- 
charge 
per sec- 
ond. 


Meas- 
ured 
head. 

Feet. . 


Useful 
water 


Motor. 


Pump. 


horse- 
power. 


1 


9.45 


756 
751 


236 
234 


Seconds. 
109 
109 
109 
118 
109 
108 
110 
110 
119 
106 


10 
10 
10 
11 
10 
10 
10 
10 
11 
10 


8.27 
8.27 
8.26 
8.38 
8.27 
8.32 
8.20 
8.15 
8.33 
8.47 


Inches. 


Cu. ft. 




2 


10.00 






1 


3 


10.16 


3f^ 
3^ 


0.691 


5.87 


4 


10.30 


754 


237 


.691 




5.87 


5 


10.45 


1 

1 


6 


11.00 


755 


235 


3^ 


.691 


5.87 


7 


11.15 




8 


11.30 


751 


235 


^ 


.691 
.691 




5.87 


9 


11.45 


5.87 


10 


12.00.. . . 










Mean 








1 












8.29 


.691 


75 


5.87 

















Tests Nos. 23 and 24. — Plant Owned by Meacham and Castle- 
man, Riverside. 

Equipment, — A 15-horsepower General Electric induction motor, 
Type I, 60 cycles, 3-phase, 200 volts; diameter of pulley, 8 inches; a 
Root rotary pump. No. 1, with a 6-inch suction pipe and 7-inch 
discharge; the pump is mounted with axis horizontal in a dug well 
5 by 8 feet in cross section; there is no bored well; length of suction 
pipe, 19i feet; diameter of the pulley, 32 inches; a 7-inch canvas 
belt extending almost vertically to the pump with 30-foot centers; 
a 10-inch rectangular weir fully contracted. 

Mean suction lift, 19 feet; discharge lift, 79.1 feet; total mean 
lift, 98.1 feet. 

The pump in this plant was mounted on a platform in a pit about 
28 feet below the surface. The impellers consist of two 2-lobed 
wheels geared together and furnish a positive discharge. After 
reaching the surface the water is forced through a pipe line about 
150 feet long to a weir box some 51 feet higher. The pump is too 
large to run at its full capacity continuously, and therefore the level 
of the water in the well falls until air is taken through the suction 
and the discharge cut down. Two tests were therefore made. The 
first. No. 23, represents the performance of the pump before the 
water fell below the suction pipe and therefore shows the action at 
full capacity. The second. No. 24, shows the performance when air 
is being drawn through the suction and represents more nearly the 
usual working conditions. 
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Log of tests Nos. 23 and ^4, Meacham and Castleman, June 30^ 1905. 

TEST NO. 23. 



No. 


Time. 


Revolutions 
per minute. 


Wattmeters. 


KUo- 
watts. 

10.00 
9.95 
10.25 
10.30 
10.45 


Weir 
read- 
ings. 


Dis- 
charge 
per sec- 
ond. 


Meas- 
ured 
head. 


Useful 
water 
horse- 
power. 




Motor. 


Pump. 


Phase A. 

2.50 
2.50 
2.70 
2.75 
2.75 


Phase B. 


1 


11.00 


1,007 
1,006 


■ "^ei* 


7.50 
7.45 
7.55 
7.55 
7.70 


Inches. 
5 
5 
5 
5 
5 


Cu. ft. 
0.742 
.742 
.742 
.742 
.742 


Feet. 
85.1 
86.6 
88.1 

94.3 


7.15 


2 


11.15 


7.28 


3 


11.30 


7.41 


4 


11.45 


i,6i6 

1,013 


263 


7.56 


5 


12.00 


7.93 




Mean 










1 1 




10.19 


742 


88.8 


7.46 













TEST NO. 24. 



1 
2 
3 
4 



12.15. 
12.30. 
12.45. 
1.00.. 



1,011 



261 
262 



Mean 



3.00 
S.40 
3.50 
3.40 



7.80 
8.30 
8.30 
8.30 



10.80 
11.70 
11.80 
11.70 



11.50 



H 


0.696 


96.6 


5 


.673 


96.6 


5 


.673 


96.6 


5 


.673 


98.6 




.679 


98.1 



7.62 
7.52 
7.52 
7.52 



7.55 



STEAM-DBIVEN PUMPING PLANTS. 

Test No. 25. — Plant Owned by the Artesian Belt Water Com- 
pany, San Dimas. 

Equipment. — A 75-horsepower simple noncondensing Atlas steam 
engine; cylinder, 10 by 16 inches; rod, 1.75 inches; automatic slide 
valve with shaft governor; speed, about 190 revolutions per minute; 
diameter of pulley, 84 inches; one plain, horizontal return tubular 
boiler, 54 inches in diameter by 12 feet long; one feed- water heater 
supplied by gravity from a tank which in turn was filled by a direct- 
acting steam pump; one duplex boiler feed pump; a No. 5 vertical 
compound Byron Jackson centrifugal pump; suction pipe consists 
of 6-inch O. D. casing from a 12-inch well, 360 feet deep; the dis- 
charge is 7-inch casing; pulley 15.5 inches in diameter; a 10-inch 
direct canvas belt drive, 32 feet centers; a 30-inch contracted rec- 
tangular weir. 

Suction lift, about 32 feet (estimated); discharge lift, 132 feet 
(measured); total lift, 164 feet. Scale of indicator spring 61.5 
pounds; the suction lift could not be satisfactorily measured in this 
plant. A rubber tube lowered 29 feet did not reach water and it 
was necessary to estimate the suction by the vacuum gauge. The 
error due to this method in so high a lift will not be great. 

Fuel, — Crude oil, 18° Baum6, costing 75 cents per barrel. 



Log of tett t/o. eS, ArUtian sat WaUr Company, Jtdf/ tt , 1906. 
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Test No. 26.- — Plant Owned by the San Dihas Ikkiqation Com- 

. PANT, NEAR SaN DiHAS. 

Equijtment.—A 35-horsepower simple noncondensing Atlas steam 
engine, with slide valve and automatic-shaft governor; cylinder, 9 by 
12 inches; rod, If inches; speed, about 220 revolutions per minute; 
pulley, 42 inches; boiler and auxiliaries, same as in test No. 36; a No. 
5 vertical compound Byron Jackson centrifugal pump; 8-inch dis- 
charge pipe; 13-inch pulley; a 9.5-inch canvas belt, 34 feet between 
centers; 61i spring in indicator; a 30-inch rectangular weir with end 
contractions. 

No suction lift (pump under water) ; discharge lift, 94.3 feet. 

Fuel. — Crude oil 18° Baum6, costing 75 cents per barrel. 

This plant is located in the same building with the air compressor 
described in No. 36. The following test was made with the steam 
engine belted to the centrifugal pump, and later another test was 
made {No. 16) with an electric motor bolted to the same pump and 
under identical conditions as to head and nearly identical conditions 
as to speed. The comparison is of great interest. Combined effi- 



14.7 
26.5^ 



ciency of piping and pump 
of engine (approximate) o. 7 = 



55 per cent. Mechanical efficiency 
.6 per cent. 
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Test No. 27. — Plant Owned by the Western Water and Power 
Company in the San Dimas Wash. 

Equipment. — Simple Corliss condensing steam engine; size of cyl- 
inder, 10.5 by 30 inches, with piston rod 2f inches; the engine uses a 
single wrist-plate; diameter of the fly wheel, 9 feet, with an 18-inch 
face, used for a belt wheel; two Heine water-tube boilers of about 100 
horsepower capacity each and carrying 140 pounds of steam pressure; 
only one is used, the other being held in reserve ; a Worthington duplex 
oil pump, 3 by 2.75 by 3 inches; a duplex feed pump, 4.5 by 3 by 4 
inches; a surface condenser containing about 300 square feet of cool- 
ing surface; a Worthington duplex air pump, 6 by 5.75 by 6 inches; a 
No. 3 Byron Jackson centrifugal circulating pump driven from the 
jack shaft; a No, 6 vertical compound Byron Jackson centrifugal 
pump; onesuction,9inchesindiameterfromal2-inchwell; dischai^ 
pipe, 10.5-inches, riveted casing; the pit is 200 feet deep and the pump 
is situated about 190 feet below the surface; pulley, 24 by 16 inches; 
a 16-inch double leather belt from the engine fly wheel to a 30-inch 
pulley on the jack shaft, with a 24-inch tightener between; a 48-inch 
pulley on the jack shaft is belted with a 12-inch double leather belt 
by a quarter-turn to the pump; the center distance from engine to 
jack shaft is 19.7 feet; from the jack shaft to the pump, 29 feet. 
Weir No. 1 is an 18-inch rectangular, fully contracted, and put in 
place by the testing party over the old 20-inch weir, whose contrac- 
tions were imperfect. Weir No. 2 is a suppressed weir 37-iV inches 
wide, already in place. Pump discharge was the sum of the two weir 
measurements; steam pressure (average), 134 pounds; vacuum 
gauge on condenser, 21 inches; vacuum gauge on pump, 24 inches. 

Suction lift, 17.S feet (measured); discharge lift, 195.6 feet (meas- 
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ured); total mean lift, 213.4 feet; scale of indicator spring, 61,5 
pounds. 

The pluit also contains a 16 by 36 Savage Corliss engine, which can 
be belted to the jack shaft above described, and also contains a 12-foot 
sheave for a wire-rope drive to another and similar pump and pit to 
the east of the power house. This machinery was not in use at the 
time of the test. 

Fuel. — Crude oil of 18° 6aum4; density, 0.948, at 80 cents per 
barrel (nominal). 

This steam plant has been installed at considerable expense and is 
well operated. It has points in its design, however, which seem to 
accoimt in part for its comparatively low-plant efficiency. In the 
first place, the back-pressure line of the indicator card barely passes 
below the atmospheric line at one point of the stroke, showing two 
small or throttled passages to the condenser, where the vacuum 
gauge showed 21 inches. In other words, the condenser might have 
been dispensed with, with small loss of power and the steam consump- 
tion of a duplex air pump and the loss in the circulating pump saved. 
In the second place, the heavy jack shaft with short-center distance 
and tightening pulley certainly abeorbed considerable power. 

Log of Uit No, £7, WetUrn Water aTtd Power Company, Jvne li, 1905. 
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Tests Nos. 28, 29, and 30. — Plant Owned by the Lisbon Rec- 
lamation District No. 307, near Clarksburg Landing, Sac- 
ramento County. 

No. 1 Unit (Lept-Hand Engine). 

Equipment, — ^A vertical, triple expansion, condensing steam engine; 
size of cylinders, 8 and 12 and 22 by 16 inches; rods 1.5 inches on 
high pressure and 2 inches on intermediate pressure and low pressure. 
High and intermediate cylinders in tandem; low on separate crank; 
piston and slide valves; a No. 30 single horizontal centrifugal pump 
direct connected to engine; two 20-inch suction openings and pipes, 
uniting into a single 36-inch suction, 140 feet long to the end of the 
canal; 193 feet of the discharge pipe 36 inches in diameter, with a 
taper reducer to the pump 9 feet long; discharge extending over the 
levee and down to the river; pump runner 42 inches in diameter. 

No. 2 Unit (Right-Hand Engine). 

Equipment. — Exactly like No. 1, except the cylinder diameters, 
which are 8.5 and 12.75 and 22 by 16 inches. Pump similar to No. 
1, except that the pump runner is 40 inches in diameter; two Worth- 
ington oil pumps 4.5 by 2.75 by 4 inches; two Dow combined air and 
feed pumps, and one duplex feed pump; two jet condensers; two sets 
of Babcock and Wilcox water-tube boilers built for 140 pounds pres- 
sure and equipped with Witt patent burners; 80-pound indicator 
spring on high-pressure cylinder; 39.9-pound indicator spring on 
intermediate cylinder; 20-pound indicator spring on low-pressure 
cylinder. 

Suction lift, 13.54 feet (leveled) ; discharge lift, — 0.06 foot (leveled) ; 
total mean lift, 13.48 feet (leveled). 

Fuel, — Crude oil at 85 cents per barrel. 

This plant, it will be seen, is quite differently designed from the 
next. The pumps carry the water through something like 340 feet 
of 36-inch pipe. The discharge is over the front levee into the Sac- 
ramento River. The first test on No. 1 is hardly a fair one so far 
as the boiler is concerned, and the furnace had not become thoroughly 
heated up when the test began. The plant, however, seems to con- 
sume too much oil for the output. Whether this was the fault of 
the boilers or the engine was not determined, as there was no method 
of measuring the evaporation of the boiler without making extensive 
changes. The performance of the pump was remarkably good. 

83 7 
No. 1 unit. Efficiency of pump and piping t^^ = 63 per cent. 

78 9 
No. 2 unit. Efficiency of pump and piping y^^o = ^^ P®^ cent. 



Log q/" (€B( No. S8, Liebon plant, No. 1 wml {l^t-hand engiiu). May 8, 1905. 
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Log <if Uit No. t9, lAibon -plont, No. S unit (right-hand engine), May 8, 1905. 
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Log of U$t No. 19, lAibon plant, No. t vnit {right-hand engine). May 8, ISOS—GotA'A. 





^ 


Area 


ol low-p 


■"■"" 


M«mptr«Jtlye 


Pi 


ll 




1 

1 






-1 


1 


i 


1 


i 








" 










a 













Iwhtt. 


Lbi. 










f«/ 












}SI 








































































































































4.00 


243 




190 




114 




136 


SSLOZ 


1136 


7a B 
















134 





















This is one of the lai^est and best equipped of the reclamation 
plants on the Sacramento River. Instead of pumping over the front 
levee into the river, the discharge is over the back levee into the tules, 
giving the minimum lift. The canal is brought under the engine 
house itself, giving a short, direct suction lift, and the plant is built 
against the levee, giving the shortest possible dischai^. By these 
means the lowest possible lift, together with the minimum frictional 
loss in pipes, is seciu-ed. The water was measured by gauging the 
main canal with a Price current meter. 

No. 1 unit. Efficiency of pump and piping .„.' = 56 per cent. 

No. 2 unit. Efficiency of pump and piping ^^ = 50 per cexA. 

Tests Nos. 31 and 32. — Drainage Plant Owned by the Peaesdu 
Reclamation District neab Vorden Landing, Sacramento 
County. 

No. 1 Unit. 

^uifTMnt. — ^A cross-compound condensing Byron Jackson steatil 
engine; size of cylinders, 16.25 and 28 by 20 inches; rods 3J inches 
in diameter; single piston valve distributing steam to both cylinders. 
A No. 40 single horizontal Byron Jackson centrifugal pump, direct 
connected to the engine; single vertical 44-inch suction pipe to the 
pump; discharge pipe 44 inches in diameter, connected by taper 
reducer to the pump and passing over the top of the levee. 



B^uipmeTi/.— Tandem compound condensing steam engine; size of 
cylinders, 16 and 26 by 18 inches; rods 2J inches on'high pressure (in 
front) and 2.5 inches on low pressure (in rear); a piston valve on the 
high-pressure and a plain slide on the low-pressure cylinder. A No. 
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30 single horizontal centrifugal pump. It has two 29-mch suction 
pipes, one at each side of the pump. The discharge pipe is 40 inches 
in diameter, connected by a taper reducer, and to a conical diflfuser. 

No. 3. Unit. 

Equipment — ^A cross-compound vertical condensing steam engine 
and horizontal centrifugal pump, not measured nor tested by our 
party; a Jackson air pump, belted to a line shaft, which can be nm 
from any of the units; jet condensers; a duplex feed pump, and a 
Dow duplex oil pump; three return tubular boilers, with oil burners 
capable of handling two of the units at once; 39.9-pound indicator 
spring on high-pressure cylinder; 19.7 and 20.8 poxmd springs on 
low -pressure cylinder. Suction lift, about 15 feet; discharge lift, 
about — 5 feet (siphon action); total mean lift, 9.8 feet (leveled). 

Fuel, — Crude oil at 90 cents per barrel, 25° Baum6. 

• 

Log of test No. 31, Vorden pumping plant, No. 1 unit, April 9, 1905. 
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2 


9.15.. 


154 


282 


2.73 


a 19 


35.3 


34 2 


110 


2.43 


239 


a 19 


3 


9.30 


154 


2.74 


2.69 


a 19 


34 3 


3a7 


108 


2.64 


235 


a 18 


4 


9.45 


153 


2.82 


2.65 


a 19 


35.3 


3a2 


108 


2.41 


225 


a 19 


5 


10.00 


155 


2.97 


2.66 


a 17 


37.4 


3a9 


114 


2.41 


227 


a 18 


6 


10.15 


155 


2.79 


2.73 


a 18 


35.0 


342 


110 


2.30 


228 


a 19 


7 


10.30 


153 


2.83 


2.67 


a 19 


36.4 


3a4 


108 


2.36 


218 


a2o 


8 


10.45 


153 


2.71 


2.62 


a 17 


341 


3ao 


106 


2.13 


200 


an 


9 


11.00 


154 


2.78 


2.65 


a 17 


36.0 


3a4 


108 


2.15 


202 


a 14 


10 


11.16 


151 


2.72 


2.55 


a 17 


34 2 


32.1 


103 


1.94 


1.96 


a 16 


11 


11.30 

11.46 


155 
150 


2.82 
2.65 


2.68 
2.62 


a 16 
a 17 


35.6 
3a4 


.33.8 

3ao 


HI 
102 








12 


2.08 


1.96 


a 17 


13 


12.00 


155 


2.81 


2.73 


a 17 


36.4 


344 


111 


2.11 


L93 


a 16 


14 


12.16 


153 


2.71 


2.59 


a 16 


342 


32.7 


106 


200 


1.95 


a 16 


15 


12.30 

Mean.. 


150 


2.82 


2.70 


a 17 


36.6 


34 


107 


213 


1.96 


a 17 














































Meaneflecti 


ve pres- 


Indicated 










Useful 
water 
horse- 


No 


Time. 


sure per 
inch. 


square 


horse- 
power of 
low pres- 


Total indi- 
cated horse- 
power. 


Mean dis- 
charge per 
second. 


Le 
h 


veled 
ead. 














Head. 


C 


^rank. 


sure. 


— 








power. 






Pounds. 


P 


ounds. 


Cubic feet. 


J 


^eet. 




1 


9.00. 


a25 
15.0 
16.7 
14.9 
14.9 
14 2 
14.6 
14 2 
14 2 
12.8 




L32 
14 8 
14 6 

lao 

141 
141 

ia4 
ia4 
ia4 

12.9 


7.56 
142 
144 
136 
139 
136 
132 
131 
131 
120 


7.8 
262 
262 
244 
263 
246 
240 
237 
239 
223 




] 


rriction load. 


2 


9.16. 




1 


3 


9^, 




9.72 




4 


9.45 

10.00. 






6 








A 


10.15. 






. 


7 


10.30. 

10.45. 




9.88 




8 






9 


11.00. 








10 


U.16 








11 


UJO. 




1 




1? 


11.46. 


lae 
ia9 
ia2 

14 


• 


12.9 
12.7 
12.8 
12.9 


123 
127 
123 
125 


225 
238 
228 
232 




1 




13 


12.00 






9.90 j 




14 


12.16 






15 


12J0. 






9.92 












MflAn. 


, . . 


1 _ _ 




\ "xja \ 'i'b.^V 


^.'^X >^5i^N. 


/ 




/ \"" 
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Log of test No. S2, Vorden pumping plants No. 2 unit, May 7, 1905. 



No. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 



No. 



Ttme. 



2.15. 
2.30. 
2.45. 
3.00. 
3.15. 
3.30. 
3.45. 
4.00. 
4.15. 
4.30. 
4.45. 
5.00. 
5.15. 



Revolu- 
tions x)er 
minute 
of engine. ^^^ 



Area of high-pressure 
card. 



Crank. 



Length. 



Mean eflective 
pressure per 
square inch. 



Head. 



Mean. 



163 
166 
166 
166 
165 
165 
166 
165 
165 
165 
164 
164 
163 



Sq. in. 


8q. in. 


Inches. 


0.43 


0.41 


2.86 


2.78 


2.82 


2.85 


2.85 


2.86 


2.85 


2.98 


2.89 


2.87 


2.97 


2.84 


2.85 


2.91 


2.78 


2.8) 


2.90 


2.79 


2.86 


2.95 


2.84 


2.85 


2.91 


2.77 


2.86 


2.78 


2.81 


2.85 


2.87 


2.73 


2.86 


2.86 


2.80 


2.86 


2.91 


2.77 


2.92 



Crank. 



Lbs. 
6.0 
38.9 
39.9 
41.4 
41.6 
40.7 
40.5 
41.3 
40.6 
38.9 
40.0 
39.9 
39.8 



Lbs. 
5.7 
39.5 
40.0 
40.2 
39.8 
38.9 
38.9 
39.8 
38.6 
39. 
38. 
39. 
37. 



Indi- 
cated 
horse- 
power 
of high 
pres- 
sure. 



3 

1 
1 

8 



16.9 
116 
118 
120 
119 
117 
117 
119 
116 
115 
114 
115 
112 



Area of low-pressure 
card. 



Head. 



Sq. in. 
0.10 
1.82 
1.61 
1.56 
1.74 
1.73 
1.64 
1.65 
1.66 
1.63 
1.64 
1.65 
1.66 



Crank. 



Sq. in. 
0.11 
1 
1 
1 
1 
1 
1 
1 
1 



72 
69 
72 
79 
74 
73 
74 
75 
1.73 
1.74 
1.70 
1.71 



Length. 



Inches. 
2.82 
2.80 
2.80 
2.82 
2.80 
2.81 
2.80 
2.81 
2. 
2. 
2. 
2. 
2. 



82 
81 
81 
82 
84 



Time. 



1 


2.16 


2 


2.30 


3 


2.45 


4 


3.00 


5 


3.15 


6 


3.30 


7 


3.45 


8 


4.00 


9 


4.15 


10 


4.30 


11 


4.45 


1? 


5.00 


13 


5.15 



Mean. 



Mean eflective pres- 


Indicated 


sure per square 


horse- 


inch. 




power of 
low pres- 






I Head. 


Crank. 


sure. 


' Pounds. 


Pounds. 




0.74 


0.81 


6.1 


13.51 


12.-ir7 


105 


11.95 


12.55 


98 


11.60 


12.69 


96 


12.92 


13.30 


104 


12.80 


12.88 


102 


12.18 


12.85 


100 


12.21 


12.88 


99 


12.24 


12.90 


100 


12.06 


12.80 


99 


12.14 


12.88 


99 


12.16 


12.64 


97 


12.15 


12.62 


97 


1 











Total indi 
cated horse- 
power. 



23 
221 
216 
216 
223 
219 
217 
218 
218 
214 
213 
212 
209 



216 



Mean dis- 
charge per 
second. 



Leveled 
head. 



Useful 
water 
horse- 
power. 



Cubic feet. I Feet. \ 

' Friction load. 



9.76 



9.74 



87.4 



9.74 



96.4 



Tests Nos. 33 and 34. — Plant Owned by the Riverside 
Highland Water Company near Colton. 

Equipment. — Two cross-compound condensing Corliss steam en- 
gines; cylinders 16 and 30 by 30 inches; rods on the crank ends of 
both cylinders, 3 J inches; tail rods to pumps, 2.5 inches; a single 
wrist plate used on each cylinder. Two sets of Babcock & Wilcox 
water-tube boilers, with 72 4-inch tubes, 16 feet long; built for 160 
pounds pressure; Greeners fuel economizers in the stack. Duplicate 
sets of Snow duplex oil pumps, 4.5 by 2.75 by 4 inches, with Worth- 
ington piston meter in the oil line. Duplicate sets of Snow duplex feed 
pumps, 6 by 4 by 6 inches, outside packed water end, with Worth- 
ington piston meter in the feed line. Two air pumps, built by the 
engine manufacturers, of the plain belt and crank-driven type, belted 
to the main engine; cylinders 8 by 9.5 inches. Two surface con- 
densers contained in the suction lines. Two sets of outside packed 
plunger pumpa built by the engine manufacturers; plungers, 11 by 
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30 inches; rods, 2.5 inches; size of suction on each set, 18 inches; 
one 12 by 48 inch air chamber on each suction; suction pipe on each 
pump 12 inches in diameter; 11-inch discharge on each pump, and 
a 24-inch discharge on the whole plant. Pipe Une is 24 inches in 
diameter and 2,500 feet long. 

Steam pressure (average), 148 pounds; receiver gauge north en- 
gine, 14 pounds; receiver gauge south engine, 13 pounds; vacuum 
gauge north engine, 26 inches; vacuum gauge south engine, 26.5 
inches; oil fed to burners under 45 pounds pressure; temperature of 
hot well, 90° F.; temperature beyond heater, 113° F.; temperature 
beyond economizer (boiler feed), 171° F.; temperature of oil feed, 
135° F. 

Suction lift, 4.5 feet (measured); discharge lift, 242.5 feet (meas- 
ured) ; total lift, 247 feet. No. 61.5 spring in high-pressure indicator; 
No. 20.5 spring in low-pressure indicator. 

Fuel, — Crude oil at $1 per barrel (nominal). 

This plant is a type of the best practice in high-duty pumping 
engines as appUed to irrigation. Though such pumps are not often 
used for this purpose, the plant clearly shows the great economy of 
fuel which can be realized in such cases. No weir was installed in 
this test, as the pump displacement, corrected for the slight leakage 
at the stuffing boxes (measured, 3 gallons per minute) and for about 
2 per cent sUp through the valves (a value known to be average for 
such a type of pimip), gives, in the writer's opinion, a better measiu*e 
of the discharge than a weir. The pumps take their water from a 
ditch and lift it over a high bluflF to the upper canal above High- 
grove. This plant has been designed for the highest possible econ- 
omy, regardless of expense. 

At the time of the test the governors on both engines were slightly 
out of adjustment, causing a tendency to race. For this reason the 
engineer did not nm the north engine over 38 revolutions per minute 
and the south engine over 32 revolutions per minute. Since that 
time it is understood that the governors have been adjusted, and 
both pmnps run up to 45 revolutions per minute. Under such con- 
ditions the plant would give a slightly better result. 

Water evaporated. — ^Total for test (per meter), 2,858 gallons in six 
hours, or 476 gallons, or 3,966 pounds, per hour. Temperature of 
feed was 172° F. Factor of evaporation, 1.09; water evaporated per 
hour (equivalent) from and at 212° F., 4,320 pounds; water evapo- 
rated from and at 212° F. per indicated horsepower per hour (includ- 
ing auxiliaries), 19.87 pounds. Water evaporated from and at 212° F. 
per pound of oil, 14.45 pounds. 
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Test No. 36. — Ant Plant of the San Dimas Irrigation Compant, 
NEAR San Dimas, 

EquipmeiU. — A simple uoncondensing slide-valve steam engine and 
ooin|w«ssor; engine cylinder, 12 by 12 inohes; rod, IJ inches; air cyl- 
inder in tandem on tail rod — cylinder, 14 by 12 inches; throttling 
governor; apring-operated valves on air cylinder; one return-tubular 
boiler; Deane duplex boiler feed pump, 4i by 2^ J3y4 inches; a feed - 
water heater; oil fed by gravity; 61J-pound indicator spring on 
steam cylinder; 40-po\md spring in indicator on air cylinder; boiler 
pressure, 94 pounds; air pressure in the receiver, 54 pounds; tem- 
perature of feed water, about 150° F. Weir No. 1 30-inch, rectan- 
gular, contracted; weir No. 2, 20-inch rectangular, contracted. Lift 
about 50 feet. 

FueZ,^-Crude oil of about 18° Bamn6, costing 75 cents per barre). 

This test is satisfactory in every way, except as to the meaaure- 
ment of the lift. The accepted mean of 50 feet is little more than 
an estimate among a number of results by gauge and tape differing 
widely. The final result must then be taken for what it is worth. 
The total output of water by the plant is found by subtracting the 
discharge of weir No. 2 from that of No. 1. 

Test of log No. 36, Sem Dimat Irri^tion Company, June 17, 1906. 
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120 
132 

129 


11 

3.18 
a 19 
3.26 

a2s 

3.22 
116 


'II 

129 


Jn. 


Lbs. 


5a« 
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'Tut ol air cylinder. 

Test No. 37. — The Del Monte Aib Lift, Glaremont. 

Equipment. — Smith - Vaile cross - compound condensing engine ; 
Meyer cut-off on high, plain slide on low; cylinder sizes, 12 and 18 
by 18 inches; piston rods, 2i inches all through; 2 (duplicate set) 
retum-tubular boilers; 2 single-stage compressors in tandem with 
and on tail rods of steam cylinders, 16 by 18 inches; positive admis- 
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sion valves, spring discharge; Smith-Vaile duplex feed pumps (dupli- 
cate set), 5 J by 3i by 5 inches; Smith-Vaile air pump, 7 by 10 
inches, belted and geared ; also drives a plunger pump for circulation 
in the air jackets; condenser, consisting of a nest of 2-inch pipes in 
a concrete tank through which part of the discharge from the wells 
flows; 61i-pound indicator spring on high-pressure cylinder; 20 J- 
pound indicator spring on low-pressure cylinder; 40-pound spring 
on air cylinder; steam pressure, 125 pounds; receiver pressure, 22 J 
pounds; vacuum gauge, 22 inches; air pressure, 57 pounds. Weir 
No. 1, an 18-inch suppressed rectangular; weir No. 2, a 36-inch sup- 
pressed rectangular; weir No. 3, a 36-inch suppressed rectangular. 

Mean lift, 88 feet (measured). 

Fuel. — Crude oil, 19° Baum6, costing 75 cents per barrel. 

The lift here was measured by means of a dry steel tape, which 
seemed to give fairly reliable results. The gauge readings at each 
well (corrected), the pipe lengths, and heads are given in the follow- 
ing table: 

Gauge readings^ pipe lengths, and heads in wells at Del Monte air lift. 



No. of 

well. 


Length of 
air pipe. 


Pressure 

per 

square 

inch. 


Head by 
gauge. 


t 

1 

Measured! 
head. | 

1 


No. of 
well. 


Length of 
air pipe. 


Pressure 

square 
inch. 


Head by 
gauge. 


Measured 
head. 


206 


Feet. 
203 
201 
205 


Pounds. 
52.5 
47.5 
49.5 


Feet. 
81.8 
91.3 
90.6 


Feet. 
90.2 
88.0 
86.6 


53 


Feet. 


Pounds. 


Feet. 


Feet. 
85.6 


207 


50 

52 


202 


49.5 


87.6 




208 

















It will be noticed from the above that the only three wells upon 
which the gauge head, as well as the actual head, could be measured, 
were Nos. 206, 207, and 208. The mean of these three is about 88 
feet by either of the two methods. Undoubtedly the method of get- 
ting the head on an air lift by means of a pressure gauge is a crude one, 
but it is also doubtful whether any other method is any better unless 
it be the method by a long rubber tube, which could not be used on 
any of these wells tested. 

The water measurement was not entirely satisfactory. The whole 
output of the plant was measured on wiers Nos. 1 and 2. Weir No. 
3 was inserted in the same branch as and above weir No. 1, but with 
the discharge from some of the wells entering between them. Above 
No. 3 the discharge from other air wells entered, as well as the dis- 
charge from a deep-well pump operated from another plant. The 
discharge from the air wells above No. 3 was estimated at 0.8 second- 
foot by means of a rectangular orifice. Hence the output of the air 
plant is obtained as follows: The discharge over weir No. 3 reduced 
by 0.8 second-foot is to be deducted from No. 1. This amount added 
to the discharge over No, 2 gives the total discharge of the plant. 



Mechanical efficiency of engine and compressor is VT^^^^i P^r 
cent. 

Log of tetl No. 37, the Del Monte air plant, June 15, 1906. 



sure pot 1 = ^ 
square i .j. 






31 ,704 



3A 1.4f 

3S l.M 

3A l-K 

3^ 1.x 



Test No. ; 



—Air Lift of the Irrigation Company op Pomona, 



Equipment. — A cross-compound condensing Corliss steam engine ; 
cylinders 13 and 26 by 24 inches; rods, 2i inches on high pressure and 
3 J inches on low pressure; single wrist plate on high, and double on 
low pressure; speed about 73 revolutions per minute; fly wheel 10 
feet in diameter, 25 inches face, 2^ inches tliickness of rim; two return- 
tubular bailers (duplicate set) with 6 by 16 feet shells; oil burners 
draw fuel by suction ; 2 single-stage air compressors in tandem with 
31CH4— No. 181—07 1 
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the steam cylinders; size of air cylinders 17 by 24 inches, with 2f-inch 
rods on both sides; direct-driven admission valves, spring discharge 
valves; Wainwright surface condenser; Deane air and circulating 
pumps combined; Snow duplex boiler feed pump; No. IJ centrifu- 
gal pump for water circulation in air jackets; 61i-pound indicator 
spring on high-pressure cylinder; 20i-pound indicator spring on low- 
pressure cylinder; 40-pound spring on air cylinder; steam pressure 
(average), 140 pounds; receiver pressure (average), 19 pounds; vacuum 
gauge (average), 25 inches; air pressure, 56 pounds. 

Mean lift, about 42 feet. 

East weir, a 48-inch suppressed rectangular; west weir, a 30- 
inch suppressed rectangular. 

FueL — Crude oil, 17° Baum6, at 75 cents per barrel. 

The plant is typical of many of the large air lifts found in southern 

California. Though of low efficiency, the air lift possesses the 

advantage of canying all its machinery on the surface and within 

the powerhouse. It was found practically impossible to measure 

the depth from the surface to the water in the 12 wells which were 

being pumped at the time of the test. The rubber tube and dry 

string were both tried without success. The head, therefore, was 

assumed as that computed from the known air pressure at the wells 

and the length of the air pipe. The truth of this assumption was 

afterwards checked in the case of the Del Monte air plant, where the 

depth to water was successfully measured on a dry steel tape. The 

assumed value, 42 feet, is liable to an error of perhaps 10 per cent. 

104.2 
Mechanical efficiency of compressors = Tqq^ = 78 per cent. 

Log of test No. 38, Irrigation Company of Pomona, June 6, 1906. 



No. 


Time. 


1 


10.00 ,. 


2 


10.30 


3 


11.00 


4 


11.30 


5 


12.00 


6 


12.30 


7 


1.00 


8 


1.30 


9 


2.00 


10 


2.30 


11 


3.00 


12 


3.30 


13 


4.00 


14a 


4.20 



Revo- 
lu- 
tions 
per 
min- 
ute of 
en- 
gine. 



73.6 
73.0 
73.5 
73.0 
73.0 
73.0 
73.5 
73.5 
73.0 
73.0 
73.5 
73.0 
73.5 
73.2 



Area of high-pressure 
card. 



Head. 



Sq. in. 
4.30 
4.42 
4.45 
4.39 
4.32 
4.39 
4.32 
4.34 
4.28 
4.25 
4.23 
4.28 
4.34 
2.45 



Crank. 



Sq.in. 
2.07 
2.13 
2.10 
2.09 
2.10 
2.03 
2.14 
2.14 
2.13 
2.07 
2.14 
2.10 
2.10 
2.49 



Length. 



Inches. 
3.76 
3.75 
3.75 
3.76 
3.77 
3.76 
3.76 
3.76 
3.76 
3.75 
3.76 
3.75 
3.76 
3.76 



Mean elTectiye a « i 

pressure per ^^ «^ i^^jP'^*""'® 
square inch. *'*^°* 



Head. 



Pounds 
70.4 
72.5 
73.0 
71.8 
70.4 
71.8 
70.7 
71.0 
70.0 
69.7 
69.2 
70.2 
71.0 
26.1 



Crank. 



Pounds 
33.9 
34.9 
34.4 
34.2 
34.2 
33.2 
35.0 
35.0 
34.8 
33.9 
35.0 
34.4 
34.4 
26.5 



Head. 



Crank. 



Sq. in. 


Sq. in 


2.89 


2.81 


2.83 


2.81 


2.90 


2.84 


2.84 


2.78 


2.91 


2.84 


2.78 


2.81 


2.78 


2.78 


2.81 


2.76 


2.78 


2.75 


2.75 


2.73 


2.75 


2.73 


2.75 


2.74 


2.74 


2.74 


2.34 


2.52 



Length. 



JncJies. 
3.69 
3.69 
3.69 
3.70 
3.69 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.69 
3.68 



Mean effective 
pressure per 
square inch. 



Head. 



Pounds 
16.05 
15.72 
16.10 
15.73 
16.15 
15.40 
15.40 
15.67 
15.40 
15.24 
15.24 
15.24 
15.22 
2&40 



Crank. 



Pounds 
15.61 
15.61 
15.77 
15.40 
15.77 
15.57 
1^40 
15.30 
15.24 
19.13 
15.13 
15.18 
15.22 
27.40 
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Log of test No. S8, Irrigation Company of PomoTia, 


June 6y 


1905 — Continued . 




Time. 


Indi- 
cated 
bone 
power 
of high 
pres- 
Buve. 


Indi- 
cated 
hone 
power 
of low 
pres- 
sure. 


Total 
indicated 
horse- 
power. 


East weir. 


West weir. 


Mean 
meas- 
ured 
head. 




No. 


Read- 
ing. 

Inches. 

f 

4i3 


Dis- 
charge 
per sec- 
ond. 


Read- 
ing. 

Inches. 

2I 
3ft 


Dis- 
charge 
per sec- 
ond. 


Useful 
water 
horse- 
power. 


1 


10.00 

10.30 

11.00 

11.30 

12.00 

12.30 

1.00 

1.30 

2.00 

2.30 

3.00 

3.30 

4.00 

Mean. . . 


60.9 
62.2 
62.6 
61.4 
60.6 
60.9 
61.7 
61.8 
60.8 
60.6 
60.8 
60.6 
61.5 


74.3 
73.1 
74.8 
72.6 
74.4 
72.2 
72.3 
72.4 
71.4 
70.8 
71.2 
71.0 
71.4 


135.2 
ia5. 3 
137.4 
134.0 
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a Test on air cylinders. 
STTMMARY OF COMPLETE TESTS. 

The tables below summarize the results of the tests described 
above. For the gasoline-engine and steam-engine driven plants 
the plant efficiency is the ratio of the useful water horsepower to 
the indicated horsepower. For the electrically driven plants, the 
plant efficiency is the ratio of the useful horsepower to the electrical 
horsepower. 

The final relation of fuel consumption to water lifted is expressed 
as the niunber of gallons of oil or the number of kilowatt hours 
required per useful water horsepower hour. In reducing this to 
actual cost the price paid by the pump owner per gallon of gasoline 
per barrel of crude oil or per kilowatt hour has been used. The 
nimiber of hours which each plant runs per year, the cost of the 
plant, and the cost of attendance and repairs have each been obtained 
as accurately as possible. From the nature of the case these items 
are somewhat uncertain. The rate of depreciation of pumping 
plants varies through an enormous range, being determined largely 
by the skill and care of the attendant. Many plants are not insured 
at all. Averaging all conditions found, the following appears to 
be a fair estimate of the rates suitable for use in computing the 
fixed charges of the various types of plants. 

BASIS FOR COMPUTING FIXED CHARGES. 



Gasoline engine plants. 



Depreciation 

Interest 

Taxes and insurance. 

Average total. 



Per cent. 
12 to 15 

6 

1 



20 
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Motor-driven plants. 



Depreciation . 
Interest 

Taxes and 



Averse total . . 



15 



Steam plants of ordinary type. 

Depreciation 9 ti 

Interest 6 

Taxes and insurance 1 

17 



Average total 

Highest qiiality steam planta — avert^.. 



In the case of the larger steam plants that per cent haa been choaen 
for each individual case which seemed suitable to the special condi- 
tions of the plant. These percentages are applied to the first cost of 
the entire pumping station, including the cost of wells. The latter 
of course varies greatly with the depth of the wells. 

The item of labor is also a difficult one to estimate. Some plants 
employ an engineer during the whole year, and others only during 
the pumping season. Others have one man to look after several 
plants and many plants have no attention whatever. 

GASOLINE PLANTS. 

The following table summarizes the results of the test of pumping 
plants using gasoline engines: 

Summary of complete le»t« on gaeoline pumping planta. 
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Summary 0/ complete tetU on goioHnF pumping plants — Continued. 
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pumps. They are arranged in order of the amount of the useful water 
horsepower, beginning with the smallest. Tests 10 and 11 are of 
gasoline engines running deep- well pumps. For the centrifugal 
pumps tile discharge varies between 0.328 cubic foot per second, or 
147 gallons per minute, for No. 1, and 5.94 cubic feet per second, or 
2,666 gallons per minute, for No. 3. TTie lift varies from 11.3 feet 
for No. 3 to 96.5 feet for No. 4. The pumps of Nos. 4, 7, and 8 are 
all compound centrifugals with lifts exceeding 90 feet, while all the 
others are aingle-ninner pumps. The useful water horsepower varies 
from 1,65 for No. 1 to 30.9 for No. 9. The indicated horsepower 
varies from 5.64 for No. 1 to 63.1 for No. 9. This covers a wide range 
and includes within its limits the majority of pumping plants in use 
for irrigation in California. 

The plant efficiency varies irregularly. It depends somewhat upon 
the condition of the gasoline engine, but probably chiefly upon the 
arrangement and condition of the pump and piping. All turns and 
obstructions in the piping, any variation in speed of the pump from 
the speed most suitable to the discharge and lift, any great length 
of discharge pipe, all tend to reduce seriously the plant efficiency. 
To secure the best results the size and speed of both pump and engine 
and all the connections and piping should be carefuly planned for 
the special conditions under which the plant is to operate. No. 3 has 
an abnormally low efficiency. As explained in the account of the 
test, this seems to be largely due to the low head under which the 
plant is. operating, since it is adapted to work on a much higher head. 
The efficiency of No. 5 is unduly low on account of air drawn into 
tiie suction pipe. Likewise the efficiency of No. 8 is lower than 
would be expected in a plant of its size, hut the reason is not apparent 
from the data obtained. In geiveral U\e t^aviVtiS vwi\.»L%.^ ^'(A, ^Vis, 
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plant efficiency should vary from about 30 per cent for the smaller 
plants to about 50 per cent for the lai^est plants. Any unusual 
low value means a continual loss to the owner of the plant during its 
operation, due either to its careless handling or to its faulty design 
and construction. 

The amount of gasoline used per indicated horsepower hourvariea 
rather regularly from 0.154 gallonforthesmallest plant to 0.100 gallon 
for the largest. The amount of gasoline used per indicated horse- 
power hour and per useful water horsepower hour for the different 
plants is platted on figure 3. The amount of gasoline used per 
useful water horsepower hour depends upon both the plant efficiency 
and the amount consumed per indicated horsepower hour and hence 
is quite variable. For No. 3 the amount of gasoline consumed per 
useful horsepower hour is unduly high on account of the low plant 
efficiency. Omitting this plant from consideration we may con- 
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Flo. 3.— Diagram ■howlnB gasoline used per Indicated and per mehil water hormpower hour. 

elude that the amount of gasoline required per useful horsepower hour 
varies from about 0.5 gallon for the smallest plant to 0.2 gallon for 
the lai^est plants. 

The plant efficiency in deep-well pumps in general may probably 
be expected to surpass the efficiency of centrifugal pumps although 
the two tests, Nos. 10 and 11 in this series, are scarcely sufficient to 
prove the general law. The efficiency and amount of gasoline con- 
sumed in these two tests compare very favorably with the results 
obtained from centrifugal pumps of much larger capacity, and this ■ 
fact tends to compensate in some measure for some of the disadvan- 
tages attendant upon the use of deep-well pumps. 

The price of gasoline has been remarkably low (7i cents per gallon) 
in southern California, because of the fierce competition of oil pro- 
ducers and refiners in that region." 



" Report on Transportation of Petroleum, Bureau of Corporatio: 
Oxnmerce and Labor, p. 426. 



B, Department of 
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In other pumping localities 10 to 12 cents a gallon is considered a 
low price for gasoline, and it is doubtful if the present low price will 
be long maintained in southern California. 

On accoimt of the great cost of wells, the total cost of plant bears 
no direct relation to the capacity of the pumping plant. 

In many cases the charge for attendance and repairs on gasoline 
engines is merely nominal, but when there is a charge for attendance 
it is of considerable importance in comparison with the cost of gaso- 
line. In nearly all the tests reported above the annual fixed charges 
for interest, depreciation, and taxes, computed at 20 per cent on the 
total first cost of the plant, far exceed the cost of gasoline, attend- 
ance, and repairs per year. This relation evidently depends upon 
the number of hours the pump runs per year. Since in many cases 
the pumps are used to supplement natural stream flow, the amount 
of use of the pumps fluctuates from year to year. Hence the interest 
on the pumping plant is in the nature of insurance on the crop, and 
it is scarcely fair to charge this item in its entirety as cost of pumping. 

The cost has been reduced for purposes of comparison to cost per 
useful horsepower hour under the items fixed charges, gasoline 
consumed, attendance and repairs, and total, and to cost per foot- 
acre-foot under the items gasoline consumed, and total. The latter 
are obtained from the corresponding items under the cost per useful 
water horsepower hom* by multiplying by IJ. The last columns of 
the table give the cost per acre-foot of the water actually pumped 
under the headings for gasoline consumed and total. These are 
obtained from the preceding columns by multiplying in each case by 
the lift. These results are interesting as showing what it is actually 
costing irrigators in southern California to pump water. 

ELECTRICALLY DRIVEN PUMPS. 

Tests numbered 12 to 24 are for electrically operated pumps. Nos. 
12 to 18 are centrifugal pumps arranged in order of useful water 
horsepower output. No. 19 is a screw pump, Nos. 20 and 21 are deep- 
well pmnps. No. 22 is a triplex pump, and Nos. 23 and 24 are two 
tests on the same rotary pump. The electrically operated pumps 
tested had approximately the same range in size as the pumps run 
by gasoline engines. The results are summarized on the following 
page. 



Summary of complete U»U on eUelruaUy driven pumping plant$. 
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As a rule, the plant efficiency for the electrical pump is definitely 
higher than for a corresponding plant operated by gasoline. Thia is 
probably largely due to the fact that leas energy is absorbed iii the 
motor than in a gasoline engine. There is less variation in efficiency 
due to size of plant for an electrically operated plant than for a gaso- 
line plant. In test No. 15 the efficiency was abnormally low. The 
motor was running hot and the pump likewise seemed to be work- 
ing badly, but it was not possible to tell by external inspection the 
reasons for the very poor performance of this plant. In tests Nos. 
15, 16, 17, and 18 the pumps were compound centrifugals, a com- 
parison of the efficiencies of which indicates that compound pumps 
are not necessarily any less efficient than single-stage pumps. Omit- 
ting from consideration No. 15, we may conclude that the plant effi- 
ciency of electrically operated pumps should at least be as good as 
40 per cent for a pump of 5 useful water horsepower capacity, increas- 
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ing to 55 per cent for a pump with capacity of 40 useful water 
horsepower. 

As compared with centrifugal pumps, test No. 19 shows the screw 
pump to be less efficient; tests 20 and 21 show the deep-well pumps 
to have about an equal efficiency; tests 22, 23, and 24 show the tri- 
plex and rotary pumps to have somewhat higher efficiencies, but 
no very conclusive statements can be based on so few tests. 

The table shows that under the best conditions the smallest plants 
require about 1.6 kilowatts per useful water horsepower and the 
largest about 1.4 kilowatts. 

STEAM-DRIVEN 



Tests numbered 25 to 38 are of steam-driven pumping plants. 
Nos. 25 to 32 have centrifugal pumps, Nos. 33 and 34 are plunger 
pumps, and Nos. 36, 37, and 38 are air-lift pumping plants. Test 
No. 30 is based on Nos. 28 and 29, running simultaneously, and 
sinailarly No, 35 consists of Nos. 33 and 34 nmning together. All 
these plants bum crude oil as fuel. The lai^est ones are very much 
larger than any of the gasoline or electric plants tested, and hence 
not strictly comparable with them, A summary of these tests 
follows: 
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For the plants using centrifugal pumps the plant efficiency does 
not seem to differ definitely from the efficiency for gasoline or 
electric plants. The plant efficiency of the plunger pumps is much 
higher than for any other type, while for the air-lift plants it is very 
much lower. The plant efficiencies of all the tests for the gasoUne, 
electric, and steam plants are platted on figure 4, 
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Fio. 4.— Msgrftm showing plant elHcieiicj lor all plants lor which complete teste were made. 

The amount of crude oil consumed varies from over 0.8 gallon per 
indicated horsepower hour for the smallest plant to a little over 0.2 
gallon for the largest plants. For those using centrifugal pumps the 
amount of crude oil used per useful water horsepower hour varies 
from 2.5 gallons for the smallest plant to about 0.5 gallon for the 
most economical plants. A comparison with gasoluie en^naa of cor- 
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responding size shows that at least four times as much crude oil is 
required when burned under a steam boiler as is needed of gasoline 
when used in an internal-combustion engine. When steam plants 
run intermittently, considerable fuel is required in getting up steam 
preparatory to starting the plant, so it is probable that in such cases 
the actual performance of the plants required more fuel in proportion 
to the work done than is shown in the tests. 

A comparison of the results obtained with centrifugal pumps using 
gasoline, electricity, and steam as motive power shows that, at the 
prevailing prices, to raise 1 acre-foot of water 1 foot the cost of gasp- 
line varies from IJ to 5 cents, the cost of electricity varies from 4i 
to 10 cents, and the cost of crude oil for generating steam varies from 
IJ cents upward. The total cost, according to the rates used for 
fixed charges and the figures obtained for attendance and mainte- 
nance, of raising 1 acre-foot of water 1 foot for gasoline plants varies 
from 4 cents upward, for electric plants it varies from 7 to 16 cents, 
and for steam plants it varies from 4 cents upward. 

Tests 2 and 12 afford a direct comparison of the use of gasolme and 
electricity. The pump and piping were the same in the two tests, but 
the speed of the pump was slightly higher when run by the electric 
motor, resulting in an increased discharge from the pump. This 
would be a possible source of discrepancy in the results. The figures 
show for this plant the cost of gasoline to raise 1 acre-foot of water 1 
foot high to be 3.7 cents, and the cost of electricity to be 6.9 cents; 
while the total cost for the gasoline plant is 6.9 cents and for the elec- 
tric plant 8.8 cents per foot-acre-foot. 

Tests 16 and 26 afford a direct comparison of the use of electricity 
and steam. The two tests were made in succession on the same plant 
under identical conditions. The results show the cost of electricity 
per foot-acre-foot of water pumped to be 5.2 cents and the cost of 
crude oil for producing steam to be 3.6 cents. 

Tests 23 and 24 were carried out on the same plant. In No. 23 the 
plant was working under favorable conditions. In No. 24 the pump 
was sucking air on account of a deficient supply of water. The results 
show that in this case having the pump too large for the water supply 
increases by about 10 per cent the charge for electricity per foot- 
acre-foot of water lifted. 

PAETIAL FUEL TESTS. 

In addition to the tests above described, fuel and water tests were 
made on over 100 other plants immediately about the city of Pomona. 

Below are described the methods used and particular features of cer- 
tain of the plants. 

Oil and distillate were measured in the same way as in the complete 
tests, except where the method of pouring into the overflow c 
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already described in test No. 6 was used. About three plants wer 
measured per day. Oil tests were usually of one to six hours dura 
tion, except in a few cases where good records could be obtained, ii 
which event the tests lasted several days, or even for the entire season. 
Water measurements were made with a weir, except in the cases of 
the Columbia Land and Water Company, H. A. Hillman, and George 
J. Wright, where a Pitot tube was employed. Three-fourths of all the 
water measurements were made with an 18-inch Cipolletti portable 
steel weir, driven into a ditch with a hand ax (fig. 5). Most of the 
other plants had weirs already in place. Lifts were measured very 
carefully, except for some deep-well pumps, where they had to be 




Fig. 5.— Portable stjBel weir used for measuring discharge of pumps. 

estimated from a general knowledge of the water plane in the imme- 
diate vicinity. Suction lifts for centrifugal pumps were measured 
with especial care. A rubber float consistiug of a bicycle tube partly 
filled with shot and sealed air-tight was successfully used id making 
these difficult measurements of the depth to water. The fuel and 
water measurements were not made on the same day id the cases of 
N. W. Miller, and the Consolidated Water Company of Pomona, No. 4. 

STJMMAET OF ALL TESTS AT POMONA. 

The accompanying tables give the results of all the tests made in 
and about Pomona, including, for purposes of comparison, the com- 
plete as well as the partial tests: 
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The plants are classified accHrding to the type of machinery used, 
and in each table the tests are arranged in order according to the 
amount of useful water horsepower developed during the test, begin- 
ning with the smallest plant. Forty-seven plants use gasoline 
engines and centrifugal pumps; 17 plants use electric motors and 
centrifugal pumps; 41 plants use gasoline engines and deep-well 
pumps; 13 plants use electric motors and deep-well pumps; 3 plants 
use steam engines and centrifugal pumps; and 7 plants use steam 
engines running air lifts. These include all the plants around 
Pomona upon which it was possible to secure the desired data 
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regarding their operation, although in some cases the data are 
incomplete. In addition there were about 14 plants in operation 
which it was not feasible to test, about 17 not in operation on 
account of a sufficient supply of running water for irrigation, and 
about 15 plants wliich appeared to have been definitely abandoned, 
giving a total of about 175 pumping plants in the region studied. 

In beginning the investigation at Pomona valuable assistance was 
rendered by the committee of the Pomona and Ckremont Farmers' 
Clubs having under consideration a central power plant for pump- 
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ing. The members of the committee were J. E. Adamson, M. E. 
(chairman), H. J. Nichols, Walter A, Lewis, E, M. Wheeler, and 
Geoi^ P. Robinson, C. E. The Edison Electric Company, by its 
manager, Mr. F. W. Balfour, extended many courtesies which aided 
in testing electrical plants. Others who rendered particular favors 
were Mr. William Bowering, Mr. E. P. Fiery, and Mr, N. C. Pedley. 
All owners of pumping plants very kindly allowed privileges and the 
machine and pump companies of Pomona gave information. 

For the purpose of comparison the amount of gasoline used per 
useful water horsepower hour in the gasoline plants, the amount of 
electricity in the electrical plants, and the amount of fuel oil in the 
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steam plants have been platted on the accompanying dia^ams (figs. 
6, 7, 8, 9). These show plainly that there is economy in fuel con- 
sumption in the larger plants aa compared with the smaller ones, 
but the most striking fact is the great variation in fuel consumption 
in the different plants. In the gasoline plants the amount of gaso- 
line consumed spreads over a range reaching as a maximum about 
double the (juantity required for the most economical plants. This 
represents a waste of fuel which would be avoided if all the plants 
were properly designed and installed and maintained in fit condition 
for operation. The electrical and steam plants are so much less 
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numerous that the range of Taiiation in economy U not so definitely 
indicated. 

Omitting somJe of the smallest plants, but including all the others 
for which the necessary data are given, it appears that the amount 
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Fia. S.— Diagram showing electrical power used prr useful water horaepover vrltb plants of dlflsreut 



of gasoline consumed by 40 gasoline-engine centrifugal-pump plants in 
1905 was 90,000 gallons. If all the plants had been as economical as 
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Fia. 9, — Diagiam ahoiring crude oil used per useful w 
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the bett«r ones tested, the amount of gasoline required would have 
been about 63,000 gallons, indicating a consumption of 27,000 gallons 
more than necessary. Similarly, 28 deep-well plants used 51,000 
gallons of gasoline, while the moat ecoiiOTQit%.V -^\as^% \£i.4is,%Sfe ^tai* 
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40,000 gallons should have been sufficient. Hence, these 68 plants 
used 38,000 gallons of gasoline more than necessary. At 7 cents a 
gallon this was worth $2,660. At 12 cents a gallon, which is more 
nearly the average price elsewhere, the gasoline would have had a 
value of $4,560. Sixty-eight was just about half the number of 
plants in operation around Pomona, hence if the remainder, includ- 
ing the electrical and steam plants, had an economy as much below 
that possibly attainable, the total loss from excessive consumption 
of fuel is $5,000 to $10,000 a year. Furthermore, there would be 
an additional saving if there were fewer small plants and more large 
ones, such as might be obtained by more extenave cooperation in 
the installation of pumping plants. 

The total cost of all the pumping plants in this district is approxi- 
mately $500,000. Although no definite figures can be given, it 
seems probable that at least 25 per cent of this might have been 
saved by more knowledge of what was most suitable in the way of 
proper equipment for the plants that have been installed. Ignoring 
the question of loss through abandonment of unsuitable equipment, 
the interest on this unnecessary expenditure reaches a large figure. 

MAINTENANCE OF PUMPING PLANTS. 

Like all kinds of machinery, and perhaps more than many kinds, 
pumping machinery is subject to many injuries arid requires con- 
stant attention to maintain it constantly in working order. Even 
with careful attention there will occasionally be serious and aggra- 
vating breakdowns. To illustrate the amoimt and nature of repairs 
and supplies necessary, the following records have been selected: 

THE MESA LAND AND WATER COMPANY, POMONA. 

A SO-horsepower induction motor; an 8 by 24 deep-well pump; 
one 12-inch well, 300 feet deep, supplying 240 gallons per minute, 
under 175 feet head. Total cost for repairs for 1904, $178.73. 

Cost of repairs for 1905. 

Valves and leathers $77. 17 

Babbitt for motor box 4. 20 

Labor 14. 25 

Labor pulling rods 3. 40 

2 brass couplings 5. 00 

2-pound rubber gasket .60 

Forge work for pump .50 

Boring and threading nuts 1. 70 

Cup leathers 3. 20 

Repairing rods 12. 00 

Labor, removing broken gear , 2. 63 

Telegram 1. 00 

Cut pinion 19. 00 
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Gear $22. 50 

Express on gears 2. 00 

Box cover •. 6. 20 

Machine work 2. 80 

Drayage on pump parts 2. 00 

Repairs crosshead and rods 2. 70 

Babbitt 3. 15 

Labor G. 00 

Labor, drilling crosshead and threading rods 2. 10 

Forge work .35 

Shafting 20 

Three 8-inch couplings 2. 70 

Brass rod and couplings 15. 00 

Pipe and fitting same 9. 80 

Machine work 5. 50 

Labor 7. 00 

3 pounds hemp packing .30 

Brass coupling 3. 00 

Labor 3.00 

Pipe and threading of same .65 

Labor 2. 70 

Brass couplings 9. 00 

Reducer 20 

Labor, pulling rods 4. 20 

Total 257. 70 

F. W. OLMSTEAD'S PLANT, NEAR POMONA. 

A 23-horsepower gasoline engine; a 7 by 24 deep-well pump; one 
10-inch well, 320 feet deep, discharging 143 gallons per minute, under 
193 feet lift. 

Cost of repairs and incidentals for 1902. 

Apr. Platform for distillate tank $2. 00 

Float for same 1. 00 

Funnel 25 

Labor on belt 1. 00 

June. 5 gallons cylinder oil 3. 00 

1 cup leather 1. 00 

Labor on plant : . . . 8. 50 

Packing 20 

July. Labor on belt, engine, and pump 1. 95 

5 gallons engine oil 2. 50 

Renewal of battery (4 cells) 7. 20 

Labor on pump and belt .95 

Aug. 3 gallons cylinder oil 1. 80 

I pound belt filling .40 

6 belt lacings .75 

Labor on belt. .85 

Sept. One electrode 2. 25 

Labor on engine ■. .75 

Oct. 5-inch elbow 2.00 

II feet of 5-inch pipe. 7. 70 

31044— No. 181—07 5 
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Oct. Threading pipe $1. 50 

Plug 05 

One electrode 2. 50 

5 feet of 4-inch pipe 3. 73 

Labor on engine 1 . 25 

Nov. 10 pounds waste 1. 10 

Labor on engine .30 

Total 56. 48 

Cost of repairs and inddentah for 1903. 

Mar. Repairs on cement floor $4. 00 

May. 5 gallons cylinder oil 3. 00 

Asbestos packing .10 

5 gallons engine oil. 2. 50 

Labor at plant 2. 50 

Cementing weir box 1 . 00 

IJ pounds belt dressing .75 

Monkey wrench .75 

**S " wrench 35 

Rivets .75 

Vise 9. 00 

• Pliers 60 

Screwdriver .30 

4J feet belt 2.25 

Freight 25 

Lumber for bench .95 

June. Renewal of battery, 5 cells 8. 75 

Labor on engine and battery 1. 25 

July. Labor on engine and belt .50 

Aug. Rivets .35 

1 long electrode 2. 75 

Labor on belt .50 

Sept. Labor on engine, belt, and electrode 3. 90 

5 gallons cylinder oil 3. 00 

Oct . Wrench 50 

Iron straps and bolts for belt .72 

5 gallons engine oil 2. 50 

Labor on pulley and belt 1. 13 

Nov. 5 gallons engine oil 2. 50 

Renewing battery, 3 cells 4. 80 

Labor on engine 1. 70 

Dec. 1 brass coupling for pump .85 

Packing for pump .65 

Turning escape valve .80 

Asbestos packing .25 

Oil can .15 

1 can gasoline 1. 15 

Renewing battery, 2 cells 3. 20 

Labor on engine and in pulling rods on pump 11. 50 

Total 82. 75 
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Cost of repairs and incidentals for 1904. 

Jan. Labor on engine $1.75 

Feb. Labor on engine .25 

May. 5 gallons cylinder oil 3. 25 

Water connection for engine 2. 50 

Insulated wire, binding screws, and brass .60 

Tub and fitting 90 

Plumbing 1. 00 

Float 20 

Distillate pump 3. 00 

Glass for oil cup .25 

Jime. 2 cup leathers and labor 1. 70 

5 gallons cylinder oil 3. 00 

5 gallons engine oil 2. 50 

Hauling rods and labor 9. 00 

Machine work on pump 2. 20 

3 leathers for valves (pump) 2. 25 

2 couplings for pump 2. 25 

13 pounds steel .40 

4 brass couplings for pump 3. 00 

Belt dressing .45 

Waste 25 

Labor at plant 10. 20 

Aug. Renewal of battery 8. 25 

5 gallons of cylinder oil : 3. 25 

Labor .75 

Sept. 5 gallons cylinder oil 3. 00 

Labor on engine .80 

Oct. 5 gallons gasoline .95 

Nov. Labor on engine and belt 1. 75 

Dec. 5 gallons cylinder oil 3. 25 

2 pairs chain tongs, chain sling, and 3 clamps 8. 00 

1 electrode , 3. 00 



Total 83. 55 

Cost of repairs and incidentals for 1905. 

Jan. Labor on engine (14 hours) $2. 45 

May. Waste 1. 00 

New pin for engine eccentric 1. 35 

June. Labor on engine • .44 

Belt dressing .45 

July. Renewal of battery 8. 00 

Repairs on exhaust valve .50 

Repairs on distillate pump : .25 

Aug. 5 gallons gasoline .95 

Sept. Labor on belt .15 

Distillate tank 10. 00 

Freight on tank .25 

10 gallons engine oil 4. 50 

5 gallons cylinder oil 2. 75 
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Sept. Freight on oil $0. 50 

Oct. Faucet for distillii^ tank .65 

Total 34. 19 

Average total for four years 64. 24 

Total first cost of the installation $3, 161 . 73 

Total hours run in 1905 785i 

Total gallons of gasoline used in 1905 1, 588 

Gallons used per hour 2. 02 

R. M. THTTBMAN'S PLANT, NEAR POMONA. 

A 23-horsepower gasoline engine; a No. 5 single centrifugal pump; 
one 10-inch well, 385 feet deep, supplying 458 gallons per minute, 
under 58 feet head. 

Expense of having well tested before installation of machinery. 

Mar. 1. Labor of 2 men, three-fourths day, for putting in pump. $4. 00 

3. Running pump one day 8. 00 

12. Oil, waste, and incidentals 9. 40 

12. Labor, 2 men, four hours, taking out pump 3. 00 

Total 24. 40 

March 22. Total cost of engine and pump, entirely installed with belt 
and ready to run, $1,382. (This does not include well, pit, building, etc.) 

Cost of repairs and incidentals for 1900. 

Apr. 28. Labor on engine $1. 00 

May 3. 5 gallons machine oil 3. 00 

29. 5 gallons cylinder oil 3. 25 

June 11.4 hours labor, 1 man 1. 50 

July 11. 5 gallons cylinder oil ^.25 

20. li feet 10-inch belt 75 

20. Belt laces 60 

28. Difference in changing belt 10. 00 

28. Repairs on valves (engine) 50 

28. 3 gallons machine oil 1. 80 

31. 5 dozen belt hooks 75 

Aug. 8. 1 pound belt dressing 50 

20. Labor on pump 1. 25 

Sept. 3. Valve for engine 2. 75 

4. 4 belt laces, J inch 75 

Nov. 9. Labor, 2 men, in taking out pump and replacing it 4. 50 

Total 36. 15 

Cost of repairs and incidentals for 1901. 

Apr. 11. Asbestos paper $0. 20 

11. Graphite 15 

11. Renewal of battery of 6 cells 6. 90 

May 23. 5 gallons cylinder oil 3. 25 

23. 5 gallons machine oil 3. 00 

Total 13.50 
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Cost of repairs and incidentals for 1902. 

Jan. 6. Labor, one-half day, 2 men repairing pump $3. 50 

20. 5 gallons cylinder oil 3. 00 

20. 5 gallons machine oil 2. 75 

20. 2 8 by 2 inch nipples 50 

20. 2 2-inch elbows 50 

20. Labor, one man for three-fourths day. 3. 00 

Mar. 11. Labor one-fourth day 75 

Apr. 17. 1 pump 2. 50 

17. 1 bushing 15 

July 7. 5 gallons cylinder oil 3. 25 

Aug. 7. 5 gallons machine oil 2. 75 

Sept. 10. 1 gallon cylinder oil 65 

Total 23 . 30 

During February, 1901, the pit and pump were lowered a distance 
of 20 feet for a total cost of $218.22. 

Cost of repairs and incidentals for 1903. 

May. 24. 8 charges for Edison battery, type 2 $9. 20 

June 6. Labor on battery 63 

10. 5 gallons cylinder oil 3. 25 

10. 5 gallons machine oil 2. 75 

29. 5-inch check valve 12. 50 

29. Labor putting in check valve 1 . 50 

29. No. 3 rubber gasket 90 

29. 4 f by 2i inch bolts 20 

29. 12 by 16 inch iron pulley 9. 75 

29. Belt hooks 40 

29. Belt laces 30 

29. 2 oil cans 25 

29. 18 inches 10-inch 6-ply canvas belt 90 

July 2. 3 hours' labor, 2 men (on pump) 2. 00 

2. 18 inches |-inch pipe 10 

8. Belt hooks 1. 00 

11.3 hours' labor, 1 man in packing pump 1. 75 

Aug. 10. 5 gallons machine oil 2. 75 

18. Labor on sparkor 15 

20. 3 springs for sparker .75 

24. 2 hours' labor on engine 50 

28. 5 gallons cylinder oil 3. 25 

Total 54. 78 

Cost of repairs and incidentals for 1904. 

Mar. 11. 5 gallons machine oil $2. 75 

May 12. 2 feet 6-ply 10-inch belt 1. 20 

17. 1 gallon machine oil 55 

24. 5 gallons cylinder oil 3. 25 

June 2. 5 gallons machine oil 2. 75 

14. 1 box belt hooks 1. 75 

27. 5 gallons cylinder oil 3. 25 
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July 7. 5 gallons machine oil $2. 75 

9. Asbestos paper 40 

Aug. 12. 5 gallons cylinder oil 3. 25 

12. 5 gallons machine oil 2. 75 



Total 24.65 

In 1905 the 23-horsepower engine was replaced by one of 30 horse- 
power to suit the increasing head. Credit of $700 was allowed for 
the old engine and the difference paid for the new engine was $847. 

The entire pump was overhauled and new cross timbers and cement 
work put in for $156. The totitl expense for 1905 was $32.30. 

BEAEE HOESEPOWEE TESTS. 

Measurements of both brake and indicated horsepower were made 
on three plants. The Prony brake used on these occasions is shown 
in figure 10. A piece of ordinary canvas belting surrounds the fly 




FlQ. 10.— Dynamometer on gas engines. 

wheel of the engine, and is fastened to two wooden strips at A and B. 
These in turn are fastened together at C by a strap hinge, so as to 
form a triangular frame. The free end of the belt at D is connected 
to an adjustable clamp, and this by a handwheel to the point A. 

Cleats of galvanized iron at E, F, G, H, etc., prevent the belt from 
slipping off the rim of the wheel, and any desired tension can be 
obtained by the handwheel at A. The end of the wooden frame 
rests at K on a platform scale. This form of brake has the advan- 
tage of being adaptable to engines where the fly wheel very nearly 
touches the floor and also of being light and easily transported. 
B}^ changing the position of the clamp D it can be made to fit fly 
wheeh of difl^erent sizes. 
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Brake horsepower tests such as the following, made under the 
difficult conditions that arise in field work, can not be expected to 
give as accurate results as can be obtained in a perfectly equipped 
mechanical laboratory. The following results are fair for field tests: 

BRAKE TEST NO. 1 , PliANT OWNED BY THE SAM LEE COMPANY. 

A Fairbanks-Morse gasoline engine, rated at 12-brake horsepower. 
Size of cylinder, SjV by 14 inches. Belt thrown off entirely. Indi- 
cator spring, No. 200. Length of dynamometer arm, 7.43 feet. 
Unbalanced weight, 3.5 pounds. 

Brake test No. 1, Sam Lee Company, September 30, 1905. 



No. I Time. 



1 I 2.00. 

2 i 2.05. 

3 ' 3.20. 

4 I 445. 



Revolu- 
tions per 
minute of 
engine. 



Explo- 1 
sions I Area of 
per I card, 
minute.' 



I 



285 
288 
286 
270 



Sq. in. 

79 0.95 

86 1.00 

121 . 87 

130 .97 



Length 
of card. 



Inches. 
2.37 
2.36 
2.34 
2.36 



Mean ef- 
fective 
pressure 

per 

square 

inch. 



Pounds. 
80.2 
84.7 
74.3 
82.2 



Indi- 
cated 
horse- 
power. 



12.2 
14.0 
17.2 
20.5 



Weight 

on 
scales. 



Pounds.^ 
23.5 ; 
25.0 
32.0 
44.0 



Brake 
horse- 
power. 



Fric- 
tion 



Per 
cent of 



horse- loss in 
power. \ engine. 



8.1 

8.8 

11.5 

15.5 



4.1 


33 


5.2 


37 


5.7 


33 


5.0 


24 



BRAKE TEST NO. 2, PLANT OWNED BY R. M. THXJBMAN. 

A White & Middleton gasoline engine, rated at 30-brake horse- 
power. Size of cylinder, 10 by 18 inches. Belt thrown entirely off 
the engine. Indicator spring, No. 200. Length of dynamometer 
arm, 7.46 feet. Unbalanced weight, 3 pounds. 

Brake test No. S, R. M. Thurman, October 21, 1905. 



1 










Mean ef- 














Revohi- 


Explo- 






fective 


Indi- 


Weight 

on 
scales. 


Brake 
horse- 
power. 


Fric- 




No. Time. 


tions ptjr 


sions 


Area of 


length 


pressure 


cated 


tion 


Loss in 


minute of 


per 


card. 


of card. 


per 


horse- 


horse- 


engine. 




[ engine. 


minute. 






square 


power. 


power. 














inch. 












1 


1 




Sq. in. 


Inches. 


Pounds. 




Pounds. 






Per ct. 


1 1.35.... 


i 207 


27 


1.55 


2.95 


105.1 


10.1 


13 


2.9 


7.2 


71 


2 140.... 


207 


31 


1.56 


2.95 


105.8 


11.7 


23 


5.9 


5.8 


50 


3 1.45.... 


208 


44 


1.50 


2.95 


101.7 


16.0 


33 


8.9 


7.1 


44 


4 150.... 


207 


51 


1.50 


2.95 


101.7 


18.5 


43 


11.8 


6.7 


36 


5 155.... 


208 


fiO 


1.56 


2.95 


105.8 


22.7 


53 


14.8 


7.9 


35 


6 2 15. . . . 


207 


()5 


1.56 


2.90 


107.6 


25.0 


63 


18.5 


6.5 


26 


7 220.... 


207 


70 


1.56 


2.94 


106.1 


26.5 


73 


20.6 


5.9 


22 


8 2 25.... 


207 


83 


1.52 


2.93 


103.8 


30.8 


83 


23.5 


7.3 


24 


9 230.... 


205 


92 


1.52 


2.95 


103.0 


33.8 


93 


26.2 


7.6 


22 


10 2.35.... 


193 


97 


1.42 


2.90 


97.9 


33.9 


103 


27.4 


6.5 


19 



BRAKE TEST NO. 3, PLANT OWNED BY MARTIN BROTHERS. 

A Fairbanks-Morse gasoline engine, rated at 25-brake horsepower. 
Size of cylinder, 10 J by 18 inches. Friction clutch thrown out and 
belt run on idler of pump. Indicator spring, No. 200. Length of 
dynamometer arm, 7.48 feet. Unbalanced weight, 3 poimds. 
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Brake test No. 2, Martin Brothers, October 25, 1905. 



No. 


Time. 
1 Xi 


Revolu- 
tions per 
minute of 

engine. 

190 

189 

189.5 

188 

189 

188.5 

188 

188 

188.0 

188 

188 

188.0 

187 

188 

187.5 

188 

185 

186.5 

182 

186 

184.0 

182 

182 

182.0 

180 

182 

181.0 

183 

182 

182.5 

181 

181 
; 181.0 
! 178 
1 180 
1 179.0 

172 

174 

173.0 
1 


Explo- 
sions 
per 
minute. 


Area of 
card. 

] 


1 

Length 
of card. 

1 

Inches. 
2.96 
2.96 


Mean ef- 
fective 
pressure 

per 

square 

inch. 

Pounds. 
93.9 
94.6 
94.2 
91.5 
92.6 
92.0 
92.9 
92.6 
92.8 
88.4 
92.9 
90.6 
88.4 
91.5 
90.0 
88.1 
87.2 
87.6 
88.7 
90.2 
89.4 
72.6 
75.5 
74.0 
74.8 
75.1 
75.0 
73.3 
74.7 
74.0 
73.0 
74.4 
73.7 
74.0 
73.5 
73.8 
68.0 
68.3 
. 68.2 


Indi- 
cated 
horse- 
power. 

" 'e.'f 
"'ii.'6* 

""i2."6" 

""iZ.'i 

"'i5.'2" 
.... 

" '!(').' 9' 

""i7.'8' 

'"is." 4' 
"'ib'.h' 

""26.'8' 



'22.'2" 
"23.' 7' 

' "2'"'.'4' 

1 


Weight 1 
on ' 
scales. 

1 

Pounds. 



0.0 
18 
18 

18.0 
23 
23 

23.0 
28 
28 
28.0 
33 
33 
33.0 
38 
38 
38.0 
43 
43 

43.0 
48 
48 
48.0 
53 
53 
53.0 
58 
58 
58.0 
63 
63 
63.0 
68 
68 
68.0 
73 
73 
73.0 


Brake 
horse- 
power. 


Fric- 
tion 
horse- 
power. 


Per 
cent of 
loss in 
engine. 


1 


18 

18 

18.0 

34 

30 

32.0 

35 

34 

34.5 

38 

37 

37.5 

43 

43 

43.0 

47 

51 

49.0 

50 

51 

50.5 


Sq. in. 
1.39 
1.40 






2 \ ^ 










Average. 

1 25 

120 

A veraflre. 


0.0 


6.7 


100.0 


3 


1.35 

1.37 

1 


2.95 
2.96 




4 











4.0 


7.6 


66 


5 1 15. . 


i.37 
1.37 


2.95 
2.96 




6 I 10 . 


1 ', 


1 Average. 
7 1 a*; 


5.4 


7.2 


57 


1.30 
1.37 


2.94 
2.95 




8 


1.00 

Average. 

12 .55 

12,50 

Average. 

12 4.5 

12 40 










6.7 


6.7 


50 


9 


1.30 
1.35 


2.94 
2.95 




10 






8.0 


7.2 


47 


11 


1.30 
1.29 


2.95 
2.96 




12 


1 - - - 




9.3 


7.6 


45 


13 ' i-2.3.'>..T.. 


1.30 
1.33 


2.93 
2.95 




14 12 30 


" 

........ - ' 


' Av<<rage. 
15 11.00 


10.5 


7.3 


41 


64 

62 

63.0 

66 
• 66 
1 66.0 

72 
, 71 

71.5 
1 77 
: 76 

76.5 

81 
, 82 
i 81.5 
' 75 

77 

76.0 


1.06 
1.11 


2.92 
2.94 


1 ^'■ 


IH 1 1 05 








Average. 
17 i 11.10 


11.7 


6.7 


36 


1.10 
1 1.10 


2.94 
2.93 




18 11 1.5. 




Average, 
19 1120 


12.9 


6.6 


34 


1.07 
1.09 


2.92 
2.92 




20 11 25. ... 


t 


1 Average. 
21 11.30 


14.3 


6.5 


31 


1.07 

1.09 

1 


2.93 
2.93 




22 11 3.5 




Average. 
23 11.40 


15.5 


6.7 


30 


1.08 
1.08 


2.92 
2.94 




24 11.45 


1 


; Average. 
25 ' 11 .50 


16.6 


7.1 

1 


30 


1 1.00 
1.00 


2.94 
2.93 


1 


26 11.55 




Average. 


17.2 


, 3.2 


1 16 









These three brake tests agree in showing that the power consumed 
in the friction of the gasoline engine itself is approximately constant 
for a given speed of the engine, no matter how much useful work 
the engine is doing. The results also indicate that the smaller the 
engine the larger is the proportion of the whole power developed by 
the engine that is consumed in overcoming the friction of the engine 
itself. Wlien the engines were running to their full capacity with 
an explosion every second revolution t;ie amoimt of power consumed 
hi the friction of the engine was 20 to 30 per cent of the whole power 
developed, and as the loads on the engine were reduced the friction 
horsepower became a correspondingly greater fraction of the total 
indicated horsepower. 

These tests show" conclusively the uneconomical results that come 
from using a gasoline engine too large for the work it is to do. In 
such a case every time the engine misses an explosion a certain 
amount of work is w^asted in carrying the engine through the useless 
revolutions. Hence, in general, a gasoline engine works to the 
greatest advantage when the explosions take place regularly and as 
often as possible. 

O 
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